Efficiency of S2 recurrent selection for improvement of exotic and semi-exotic populations in maize (Zea mays L.) by Iglesias, Carlos Ariel
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1989
Efficiency of S2 recurrent selection for
improvement of exotic and semi-exotic populations
in maize (Zea mays L.)
Carlos Ariel Iglesias
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, and the Agronomy and Crop
Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Iglesias, Carlos Ariel, "Efficiency of S2 recurrent selection for improvement of exotic and semi-exotic populations in maize (Zea mays
L.) " (1989). Retrospective Theses and Dissertations. 9199.
https://lib.dr.iastate.edu/rtd/9199
INFORMATION TO USERS 
The most advanced technology has been used to photo­
graph and reproduce this manuscript from the microfilm 
master. UMI films the text directly from the original or 
copy submitted. Thus, some thesis and dissertation copies 
are in typewriter face, while others may be from any type 
of computer printer. 
The quality of this reproduction is dependent upon the 
quality of the copy submitted. Broken or indistinct print, 
colored or poor quality illustrations and photographs, 
print bleedthrough, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send UMI a 
complete manuscript and there are missing pages, these 
will be noted. Also, if unauthorized copyright material 
had to be removed, a note will indicate the deletion. 
Oversize materials (e.g., maps, drawings, charts) are re­
produced by sectioning the original, beginning at the 
upper left-hand corner and continuing from left to right in 
equal sections with small overlaps. Each original is also 
photographed in one exposure and is included in reduced 
form at the back of the book. These are also available as 
one exposure on a standard 35mm slide or as a 17" x 23" 
black and white photographic print for an additional 
charge. 
Photographs included in the original manuscript have 
been reproduced xerographically in this copy. Higher 
quality 6" x 9" black and white photographic prints are 
available for any photographs or illustrations appearing 
in this copy for an additional charge. Contact UMI directly 
to order. 
University Microfilms International 
A Bell & Howell Information Company 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 
313/761-4700 800/521-0600 

Order Number 8920144 
Efficiency of S2 recurrent selection for improvement of exotic 
and semi-exotic populations in maize [Zea mays L.) 
Iglesias, Carlos Ariel, Ph.D. 
Iowa State University, 1989 
U M I  
SOON.ZeebRd. 
Ann Aibor, MI 48106 

Efficiency of S2 recurrent selection for improvement 
of exotic and semi-exotic populations in maize (Zea mays L.) 
by 
Carlos Ariel Iglesias 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department: Agronomy 
Major: Plant Breeding and Cytogenetics 
Approved : 
In Charge of Major Work 
F^ the Major Department 
For the Graduate College 
Iowa State University 
Ames, Iowa 
1989 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
GENERAL INTRODUCTION 1 
LITERATURE REVIEW 5 
Use of Exotic Germplasm 5 
Inbred Family Selection 13 
Explanation of Thesis Format 24 
SECTION I; RESPONSE TO S2 RECURRENT SELECTION 25 
Abstract 25 
Introduction 26 
Materials and Methods 27 
Results and Discussion 32 
Conclusions 47 
References 49 
SECTION II: HETEROTIC RESPONSE AND CHANGES IN 
COMBINING ABILITY 51 
Abstract 51 
Introduction 52 
Materials and Methods 54 
Results and Discussion 56 
Conclusions 70 
References 72 
GENERAL DISCUSSION AND CONCLUSIONS 74 
GENERAL REFERENCES 77 
ACKNOWLEDGEMENTS 84 
APPENDIX. ENTRY MEANS FOR EACH ENVIRONMENT 85 
1 
GENERAL INTRODUCTION 
Grain yield of maize (Zea mays L.) is expected to increase as a 
result of further improvement of cultural practices and management and 
increase of genetic potential of the hybrids. Utilization of exotic 
germplasm contributing novel sources of variation for both quantitative 
and qualitative traits and implementation of recurrent selection methods 
to increase the frequency of favorable alleles in breeding populations 
are two of the most important supporting factors for continuous genetic 
gains (Russell, 1986). Even if the most sophisticated and efficient 
breeding method is developed, the efforts of the breeder will be futile 
if the genes are not present in the original population. Choosing the 
initial germplasm and the breeding procedure are two equally important 
decisions that maize breeders have to make (Hallauer and Miranda, 1981). 
The restricted genetic base of maize production and breeding in the 
U.S. Corn Belt region has two main consequences: an increased 
vulnerability of biological and environmental stresses; and a reduction 
in the genetic variability available to the breeder for selection. The 
emergence of many effective seed companies with extensive testing 
programs led to the identification of elite, widely adapted hybrids, 
from which both farmers and seed companies benefit (Bradley et al., 
1988). Genetic vulnerability can be reduced if a measurement of genetic 
diversity for commercial hybrids could influence the farmer's choice 
among top performing hybrids, prompting seed companies to broaden the 
genetic base of their hybrids (Troyer et al., 1988). 
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When gerraplasm from a wild species or an exotic race contributes to 
a breeding program, it is usually to transfer qualitative traits rather 
than quantitative genes (Stalker, 1980). Breeders in the U.S. Corn Belt 
have concentrated breeding efforts in a restricted sample of the total 
available genetic variation in maize. It seems unreasonable to assume 
that most of the favorable alleles are concentrated in that small sample 
(Brown, 1983). Summarizing the status and prospect of the use of exotic 
germplasm, Goodman (1985) stated: "While attempts to use exotic maize 
germplasm have thus far been limited, ineffective, and rather static, an 
example presented demonstrates that barriers to use of elite tropical 
maize germplasm can largely be broken within six years if breeding 
materials are chosen appropriately. Choice of breeding materials 
indeed, is critical to the success of an exotic maize breeding program, 
yet it is an area that receives very little attention in current 
programs." 
Adaptative mass selection and intercrossing to adapted populations 
have been practiced to reduce the problem of lack of adaptation of 
exotic germplasm. Results from simulation studies and field experiments 
have demonstrated that populations with 25 to 50% exotic germplasm had a 
desirable mean for traits of interest and larger genetic variance 
(Bridges and Gardner, 1987; Crossa and Gardner, 1987; Albretch and 
Dudley, 1987). The utilization of pre-adapted populations with 100% 
exotic germplasm has been emphasized sometimes because of the problem of 
losing the favorable exotic genes when selecting for adaptation. 
Populations involving 100% exotic germplasm have demonstrated an 
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excellent genetic potential for breeding programs (Stuber, 1986; Holley 
and Goodman, 1988), Diallel mating designs have contributed information 
in terms of genetic distance among exotic and adapted populations, and 
in that way has helped to classify them into different heterotic gene 
pools (Mungoma and Pollak, 1988). 
The isolation of superior inbreds for the production of elite 
hybrids is the crucial point that will determinate the acceptability of 
exotic and semi-exotic populations by the breeders. In that sense, 
breeding methods involving inbred family evaluation would eliminate 
unfavorable recessive alleles from the population (Hallauer and Miranda, 
1981). For those populations in which the additive variance is the 
greatest portion of the total genetic variance, the method is expected 
to improve the performance of the populations per se. derived lines, and 
general combining ability. Comparisons with other methods have 
confirmed those expectations, but also suggested that under SI and S2 
selection the genetic variance was significantly reduced after few 
cycles of selection (Moll and Smith, 1981; Tanner and Smith, 1987). 
S2 recurrent selection for grain yield in populations with different 
proportions of exotic germplasm was initiated in 1971 at Iowa State 
University (Hallauer, 1978). The relative proportions of exotic 
germplasm were 100, 50, and 25% for BS16, BS2, and BSTL, respectively. 
Differences in expected response among populations were not predicted 
from the initial estimates of variance components, but later reports 
indicated that BS2 and BSTL were the populations that actually responded 
to selection (Iglesias and Hallauer, 1989). 
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The research included in this study was designed to: 1) evaluate 
and compare the changes associated with cycles of S2 recurrent selection 
in populations with different proportions of exotic germplasm; 2) 
estimate direct and indirect effects of selection; 3) determine the 
heterotic pattern among populations involving exotic germplasm and 
adapted materials; and 4) study the changes in combining ability with 
cycles of selection using different testers. 
5 
LITERATURE REVIEW 
Use o£ Exotic Germplasm 
U.S. maize cultivation and breeding remain heavily dependent upon 
usage of B73, A632, Oh43, and Mol7, or closely related lines (Smith, 
1988). As a result, the material under cultivation has increased 
vulnerability and faces an increased risk of economic loss from new 
pathogens, insect pests, or unusual environmental stresses (Gracen, 
1982). Another important consequence is a reduction in the potential 
variability available to the breeder for selection. Breeders in the 
U.S. Corn Belt are probably sampling about 5% of the total available 
genetic resources (Goodman, 1985). It seems unreasonable to expect that 
most of the favorable alleles for maize improvement are concentrated in 
that small sample (Brown, 1983). 
With respect to genetic vulnerability in the field several surveys 
and studies have revealed that most ot the parental lines were derived 
from two germplasm sources; Iowa Stiff Stalk Synthetic (BSSS) and 
Lancaster Sure Crop, but the continuous release of different inbred 
lines suggested that widely used lines represented diverse germplasm 
(Duvick, 1981, 1984; Zuber and Darrah, 1980; Baker, 1984; Darrah and 
Zuber, 1986). Based on those results, Gracen (1986) concluded that 
genetic diversity per se is not needed in the maize crop. Because more 
than 500 hybrids are available in the U.S., the restricted genetic base 
in the field is a consequence of farmers choosing among a few related 
elite hybrids. One of the latest surveys among breeders conducted by 
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Duvick (1984) revealed that the trend toward cultivation of a few 
phenotypically similar cultivars would continue. Genetic vulnerability 
in the production area can be reduced by choosing different hybrid 
genotypes that maximize profitability and at the same time minimize risk 
across production areas (Troyer et al., 1988). 
The use of exotic germplasm in maize breeding programs has been 
limited by the lack of methodology for identifying those populations 
carrying favorable alleles affecting quantitative traits that are not 
present in the most popular source populations (Dudley, 1988). Hallauer 
and Miranda (1981) defined exotic germplasm as: "all germplasm that 
does not have immediate usefulness without selection for adaptation for 
a given area". In the U.S. Corn Belt, exotic germplasm is usually 
considered to include unadapted domestic, foreign temperate, tropical, 
and semitropical populations (Stuber, 1986). Much of the available 
maize germplasm contains highly undesirable alleles linked to those few 
favorable alleles that the breeder wants to use (Duvick, 1981). 
The reasons listed by Stuber (1986) to account for the limited use 
of exotic germplasm were; desirable characters masked by adverse 
photoperiod responses; the time involved in obtaining useful materials 
from exotic populations; difficulties in breaking linkages between 
favorable and unfavorable genes ; restricted information upon which to 
base the choice of the best exotics for use in breeding; and presence of 
one more major weaknesses which makes them difficult to evaluate, 
maintain, and use. In spite of those problems, exotic germplasm has 
been evaluated for genetic diversity and potential use in maize breeding 
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programs, and eventually lines with certain percentages of exotic 
germplasm have been released. Goodman (1985) indicated that about 1% of 
the commercial hybrids in use in the U.S. were based in part upon exotic 
germplasm. Those hybrids averaged less than 20% exotic germplasm. 
Two populations are the most successful sources of elite U.S. 
germplasm: BSSS, primarily Reid Yellow Dent germplasm, and Lancaster 
Sure Crop, each representing a wide range of genetic diversity (Goodman 
and Stuber, 1980; Smith et al., 1985a,b). Most of the hybrids are 
constructed in a manner that maintains the BSSS x Lancaster heterotic 
pattern (Baker, 1984). Incorporation of exotic strains into adapted 
germplasm would increase the available genetic variability and would 
give rise to additional heterotic vigor (Geadelmann, 1984). The use of 
exotic germplasm requires that long-term programs would need to be 
implemented to allow mild selection for gradual recombination of useful 
genes and gene complexes linked with unadapted genes (Lonnquist, 1974). 
The other precondition for the successful use of exotic germplasm is to 
have adequate information about its performance. Information about 
exotic populations has been obtained from populations per se. 
populations selfed, diallel mating designs, and topcrosses. 
Two approaches have been used to obtain useful populations from 
exotic sources: adaptative mass selection and intercrossing exotic 
sources to adapted populations. The former approach results in 
populations with 100% exotic germplasm, whereas the latter approach 
produces populations with different proportions of exotic germplasm, 
depending on the number of backcrosses to the adapted source. 
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Hallauer and Sears (1972) and Hallauer and Malithano (1976) reported 
success in adapting ETO Composite by mass selecting for earlier 
flowering, with an average response of 3,8 days per cycle of mass 
selection. Troyer and Brown (1972) succeeded in reducing days to silk 
by mass selection in three populations containing exotic germplasm. 
Compton et al. (1979) obtained increases in yield by mass selection for 
adaptation and prolificacy in exotic and Corn Belt x exotic 
populations. Hallauer (Pers. com., 1988, Agron. Dept., I.S.U.) reported 
a significant reduction in days to silk and plant height up to the sixth 
cycle of adaptative mass selection on Antigua Composite; grain yield 
remained unchanged after the third cycle. 
Studies involving intercrossing to adapted populations have been 
conducted to determine the best proportion of exotic germplasm to use 
and the number of generations of recombination required before using the 
populations. Based on a simulation study, Dudley (1982) found that the 
optimum generation to be used as the foundation population is a function 
of the genetic diversity of the parents. In the case of using exotic 
materials as one of the parental populations, at least one backcross to 
the adapted parent was recommended. Bridges and Gardner (1987), from a 
simulation study, also reported the backcross population being superior 
to the F1 for long-term selection, particularly when the superiority of 
the adapted over the exotic population was the result of favorable 
alleles at loci with large effects. Results from field experiments have 
shown that populations with 25 to 50% exotic germplasm do not differ 
significantly in yield from the adapted source and have greater genetic 
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variability (Sallah, 1984; Grossa and Gardner, 1987; Albretch and 
Dudley, 1987). This approach, however, depends on the exotic population 
that is used. 
Tropical and subtropical germplasm have excessive vegetative growth 
and delayed floral initiation under U.S. Corn Belt conditions. 
Adaptative selection for early flowering of populations derived from 
exotic X adapted germplasm usually results in selection for the adapted 
gene complexes (Troyer and Brown, 1972). According to Hallauer (1978) 
that problem could be solved by practicing direct adaptative selection 
in productive exotic gene pools. 
Holley and Goodman (1988) derived inbred lines from 100% tropical 
germplasm that produced agronomically competitive testcrosses with elite 
U.S. lines in southern U.S.A. Goodman (1985) worked with elite exotic 
hybrids in an attempt to start from genotypes concentrating a high level 
of favorable alleles. Thirty-six populations were derived from a 
diallel mating among nine tropical hybrids, Topcross evaluation with 
B73 showed many populations did not differ from the commercial hybrids. 
Stuber (1986), studying testcrosses and their reciprocals, not only 
demonstrated that 100% exotic populations had an excellent genetic 
potential, but also that exotic germplasm could be an interesting source 
of cytoplasmic genetic variation for production traits. 
The previously discussed studies were intended to demonstrate the 
potential of exotic germplasm in testcrosses with elite adapted lines. 
Hallauer (1978) emphasized that the yield of the populations crossed to 
the tester is the average performance of exotic genotypes by the 
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tester. Assuming a normal distribution of testcrosses within the 
population, lines could be isolated that have superiority in combination 
with the tester line. 
The diallel mating design (partial or complete) has been a useful 
tool for the evaluation and genetic analysis of exotic populations. The 
method is based on the assumption of a linear relationship between 
genetic divergence of the involved populations and heterosis (Richey, 
1922; Moll et al., 1962; Cress, 1966). The range over which such an 
assumption is valid is sometimes restricted. Crosses involving 
extremely diverse populations showed lower levels of heterosis because 
of the disruption of genetic complexes for specific adaptation (Moll et 
al., 1965). 
Troyer and Hallauer (1968) evaluated a diallel set of 10 early flint 
varieties of diverse geographic origin and concluded that they were also 
extremely diverse genetically, based on the higher levels of observed 
heterosis. In a diallel involving populations with 25 to 50% exotic 
germplasm, Eberhart (1971) reported that most of the variation among 
populations and population crosses could be explained by the "variety 
effects". 
Hanson and Casas (1968) and Hanson and Moll (1973) evaluated genetic 
relationships among a specific set of populations using diallel 
information. Hanson and Moll (1981) and Hanson (1983), using 
information for grain yield, determined that Tuxpeno was sufficiently 
diverse from Jarvis and Indian Chief so that intergration with these 
populations to obtain a gene pool for adaptation left major residual 
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diversity between groups, 
Gerrish (1983) studied a diallel among six populations (three 
adapted and three exotic). He found that the exotic population crosses 
exhibited limited heterosis and rarely equalled, Corn Belt x Corn Belt 
crosses. Mungoma and Pollak (1988) studied diallel crosses among 10 
populations and found that BSSS(R)C10 combined best with Mexican Dent 
population, which was significantly higher yielding than BSSS(R)C10 x 
Lancaster Sure Crop but not different from the check, B73 x Mol7. 
Data derived from diallel mating designs are particularly valuable 
to estimate genetic distances and to classify populations into different 
heterotic gene pools. Multivariate statistical techniques have been 
suggested and utilized to a limited extent to measure genetic and 
phenotypic divergence among entries to aid in planning crosses among 
genotypes belonging to different clusters (Vfhitehouse, 1959; Bhatt, 
1970; Goodman, 1972; Camussi et al., 1983). 
The corn breeding project at Iowa State University has been active 
in evaluating, enhancing, and using exotic germplasm. A recurrent 
selection program involving populations with different proportions of 
exotic germplasm was initiated in 1971 (Hallauer, 1978). The relative 
proportions of exotic germplasm were 100%, 50%, 25% and 0% for BS16, 
BS2, BSTL, and Krug Hi I Synthetic, respectively. Estimates of variance 
components derived from SI progenies indicated that the expected 
response to selection in exotic or semiexotic populations would be 
comparable to the one obtained in adapted germplasm. Hallauer (1981) 
presented estimates of the S2 progeny components of variance for yield 
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that showed a trend directly related to the relative increments of 
exotic gerraplasra. 
Goodman (1965) compared West Indian Composite, a seraiexotic 
population, to a Corn Belt Composite. The estimates of the genetic 
variances and expected gains were consistently higher for the West 
Indian Composite. There were nonsignificant differences in average 
yield between composites, but the upper range of the full-sib family 
means of West Indian Composite exceeded that of the Corn Belt Composite 
in all locations. 
The performance of BS16, BS2, and BSTL populations appeared to be 
quite promising since they yielded as well as varieties and variety 
crosses as BSSS (Hallauer, 1972; Eberhart, 1972). Results obtained by 
Rodriguez and Hallauer (1988) showed the reverse trend in terms of 
realized response to selection. Response in BS2 and BSTL after four 
cycles of S2 recurrent selection was 3.07 and 2.97 q/ha per cycle, 
respectively, and response in BS16 after three cycles was 1.73 q/ha. 
Preliminary evaluations were conducted in 1981 after three cycles of 
S2 recurrent selection for BS2 and BSTL, and two cycles for BS16. The 
rate of improvement was 2.90 and 2.46 q/ha/cycle for BS2 and BSTL, 
respectively, and a loss of 4.70 q/ha/cycle for BS16 (Iglesias, 1987). 
After correcting for inbreeding depression, adjusted gains were more 
related to the original expected gains. 
Iglesias and Hallauer (1989) reported similar gains per cycle. The 
rates of response in BS2 and BSTL after five cycles of S2 recurrent 
selection was 2.65 and 1.16 q/ha/cycle respectively, and BS16 after four 
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cycles of S2 selection decreased 2.5 q/ha/cycle. The authors explained 
the unexpected response in BS16 as a result of abnormal conditions in 
the initial cycle of selection that drastically changed the genetic 
variability of the population and reduced the range of useful variation 
to improve grain yield under normal conditions. The same populations 
were evaluated in topcrosses and had good combining ability with BSSS 
(Iglesias and Hallauer, 1989; Mungoma and Pollak, 1988). 
Genetic gains have been obtained in populations having 25 to 50% 
exotic germplasm; this proportion of exotic germplasm is coincident with 
what is usually recommended in the literature. The original population 
(BS16) with 100% exotic germplasm had a performance per se comparable to 
the most advanced cycles of selection in BSSS, and genetic variance 
components estimated from its progenies were particularly high (Iglesias 
and Hallauer, 1989). Lack of response in BS16 seems to be a function of 
the restricted sample selected in the first cycle of selection. 
Inbred Family Selection 
Most of the previous reports discussed exotic populations as 
possible new sources of commercial hybrid vigor. In order to exploit 
the use of exotic populations, inbred lines meeting the standards 
necessary for acceptance as parents of hybrids have to be produced. 
Recurrent selection methods that involve inbred family selection can be 
effective in eliminating unfavorable recessive alleles from the 
population, resulting in more productive inbred lines (Hallauer and 
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Miranda, 1981). 
After the transition from commercial use of double crosses to single 
crosses, inbred family selection was considered to be a valuable 
alternative for intrapopulation improvement. Yield and stability of the 
lines became important in order to use them as parents to produce 
single-cross hybrid seed at an acceptable cost. In addition, additive 
genetic effects are of greater importance than nonadditive effects in SI 
or S2 progenies (Hallauer, 1980). The additive genetic variance among 
different types of progenies is as follows: among half-sib is 
(1/4)CT^, among full-sib progenies is (l/2)o-^, among SI families is a^, 
p 
and among S2 families is (3/2)CT^, assuming p-q-0.5 or dominant effects 
are absent (Eberhart, 1972). Hallauer and Miranda (1981) proposed that 
51 recurrent selection was satisfactory for traits with moderate 
heritability and where larger number of progenies can be efficiently 
handled. S2 recurrent selection, however represents a type of 
multi-stage selection procedure, because selection is practiced among 
and within SI progenies for traits having higher heritabilities and 
advancing Sis to the S2 generation for yield evaluation. Fewer selected 
52 progenies, therefore, can be evaluated more precisely and/or at lower 
comparative cost. 
Shull (1908) presented the theoretical framework for the development 
and use of single-crosses. He viewed each population as composed of a 
set of single-cross genotypes that can be reconstituted from the crosses 
of all possible lines derived from such a population. Davis (1934) 
reported a highly significant correlation of 0.64 between average yields 
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of first- and second-generation maize inbreds and their topcross yield. 
Browne (1949) reported a correlation of 0.70 between single crosses 
among SI lines and their performance per se. It was concluded that the 
most productive single-crosses may be expected from crosses between 
strains of diverse origin which are themselves highly productive as 
inbreds. It was not until the early '60s when consideration was given 
to the evaluation of self-progenies for identification of superior 
genotypes. 
Eberhart (1972) demonstrated that recurrent selection methods 
involving inbred progeny evaluation have greater expected gains per 
cycle. Genetic gain per year decreased, however, as the evaluation and 
selection were delayed to more advanced generations of inbreeding, and 
off-season nurseries were not available. The formula for the predicted 
response (R) to Si family selection was derived by Empig et al. (1972) 
for an additive-dominance genetic model. The formula was extended to 
include epistasis by Wright (1980). The general formula can be 
expressed as: 
iZ2pqaa 
R(S1) . 
*P(S1) 
where, i = intensity of selection; a - a + (q-p)d; a + 0.5(q-p)d; p 
and q = frequency of favorable and unfavorable allele, respectively; d= 
deviation of the heterozygote from additivity; a - half the difference 
between homozygous genotypes; and o^p^gl) phenotypic standard deviation 
among SI family means. 
According to Bradshaw (1983), using the genetic variance among Si 
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family means [ZZpqaOg + l/4S(2pqd) ] as numerator in the prediction 
formula, the predicted gain will be biased. He proposed evaluating in 
independently randomized trials either half-sib and SI progenies, or 
full-sib and Si progenies from each plant. Their phenotypic covariance 
will be equal to their genetic covariance, and twice that covariance 
equals Z2pqaag. 
Hallauer (1986) indicated that selection based on inbred progenies 
(SI or S2) is theoretically more efficient for changing frequencies of 
genes with additive effects than are testcross (half-sib or full-sib 
selection) methods, which mainly capitalize on dominance and/or 
overdominance effects expressed in specific combinations. Comstock 
(1964) suggested that SI selection was expected to be about twice as 
effective as half-sib selection in changing the gene frequency in a 
population, considering no overdominance. Several simulation studies 
have supported the previous considerations. Wricke (1976), working 
under the assumptions of no epistasis, population under Hardy-Weinberg 
equilibrium, and segregation of alleles at a single locus, concluded 
that SI selection could be very useful in populations where previous 
intensive breeding achieved an average or even higher frequency of 
favorable alleles. 
Choo and Kannenberg (1979a) from computer simulation studies 
indicated that SI recurrent selection was more efficient than either 
mass or modified ear-to-row selection for improving maize population. 
81 selection exhausted the genotypic variance at a faster rate and did 
not respond at the same level in long-term selection programs when 
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compared to the other two methods. In a second report, Choo and 
Kannenberg (1979b) found that severe genetic drift occurred in Si 
selection under high (5%) selection intensity. Alleles that were lost 
were those at low initial frequencies in the population, with some 
losses occurring during the very early cycles of selection. The general 
conclusion was that SI selection caused the fastest change in gene 
frequency regardless of the gene effects and the initial gene 
frequency. Genetic variability was reduced after a few cycles of 
selection, and they suggested that an extra gene pool should be 
maintained as a source of extra genetic variability. 
Monte Carlo simulation of breeding procedures was reported by Wright 
(1980) and confirmed the overall superiority of Si testing in terms of 
response per cycle. A system of mass selection followed by SI testing 
resulted in a higher average response per year than did either mass 
selection or SI testing alone. Cockerham and Matzinger (1985) found 
that self-progeny evaluations generally lead to higher selection 
response than full-sib progenies. 
St. Martin (1986) compared several selection procedures with respect 
to expected genetic gain across a range of initial allelic frequencies, 
levels of dominance, and environmental variances. He concluded that SI 
recurrent selection was recommended for those populations with 
intermediate to high frequency of favorable alleles, like adapted 
populations. For exotic populations, he recommended a full-sib 
reciprocal program between populations showing high genetic divergence, 
as a way to avoid losing favorable alleles present at low frequencies. 
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Beside results from simulation studies, there has been experimental 
evidence in maize supporting a general superiority of inbred family-
selection methods. Center and Alexander (1962) compared the performance 
of SI progenies and testcrosses and concluded that if heterosis was a 
result of additive effects from dominant genes, progeny performance of 
early generation inbred lines should evaluate their general combining 
ability better than testcrosses. Center and Alexander (1966), working 
with Corn Belt Southern Synthetic, reported an increase of 31.4% and 
17.9% in the mean yield of SI lines after two cycles of selection for SI 
families and testcrosses, respectively. They also found that the more 
productive Si lines tended to produce the more productive crosses, but 
that relationship decreased with each cycle of selection. Correlation 
between SI lines and their testcrosses was as high as the correlation 
between different line testcrosses was reported by Koble and Rinke 
(1963). 
Lonnquist and Lindsey (1964) studied the performance of SI lines 
derived from Krug Yellow Dent variety and in testcrosses; they concluded 
that selection based upon SI line would provide greater discrimination 
among lines than testcross evaluation. Working on the same population, 
Lonnquist and Castro (1967) and Lonnquist (1968) reported a 15% increase 
in yield after one cycle of selection from testcrosses with the parental 
population; line selection resulted in a 4% gain in yield. Coulas and 
Lonnquist (1976) evaluated both half-sib and SI progenies and recombined 
selected SI progenies: average improvement was 12% for yield. Combined 
selection reduced inbreeding in the population without decreasing 
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heterosis for yield in half-sib families. 
Duclos and Crane (1968) developed two synthetics from a common 
population based on the recombination of the 11% selected Sis for their 
performance either per se or in topcrosses. In the following cycle, 
mean yields were higher in the Si progenies from the synthetic based on 
SI progeny performance than from the one based on topcross performance. 
The reverse happened to the performance of SI evaluated in topcrosses. 
Horner et al. (1969) reported that highest-yielding random-mated 
populations resulted from selection with the parental tester, while S2 
progeny method produced the highest yielding selfed population after 
three cycles of selection. This was actually the first report of 
experimental evaluation of 82 recurrent selection. Horner et al. (1973) 
reported the evaluation of five cycles of S2 family and testcross 
selection with testers having either a narrow or a broad genetic base. 
Results from the random-mated populations indicated that S2 recurrent 
selection was significantly less effective than the other two methods. 
However, the difference among methods disappeared when adjustments were 
made for differences in rate of inbreeding. Populations developed by 82 
recurrent selection had less inbreeding depression after one cycle of 
selfing than the other two methods. 
Burton et al. (1971) compared four cycles of 81 recurrent selection 
with the same number of cycles using testcross selection. The gain per 
cycle was almost double for SI recurrent selection (10.5% vs. 5.7%). 
Heterosis in the cross between advanced cycles was interpreted as a 
consequence of the two methods selecting for different alleles. 
20 
Carangal et al. (1971) found that Si selection for grain yield gave 
greater improvement in the population performance after two cycles of 
selection. Genetic variance for grain yield in the first cycle was 
significantly greater for selfed progenies in comparison with testcross 
evaluation, but decreased in the second cycle. 
Center (1973) compared two cycles of SI vs. testcross selection in 
two populations, one broad and one narrow genetic base. He found Si 
selection to be more effective in increasing the frequency of genes that 
contribute to yield, whether in derived inbreds or hybrid populations. 
The general trend was maintained after four cycles of selection as 
reported by Center and Eberhart (1974). 
Moll and Smith (1981) compared mass selection, half-sib, and 51 
family selection of BSK population and found that half-sib and SI 
selection (7.9% and 8.8% gain per cycle, respectively) were 
significantly more efficient than mass selection (-0.5% per cycle). A 
significant reduction in genetic variance for yield was observed after 
eight cycles of SI recurrent selection. Tanner and Smith (1987), 
working on the same population, studied the changes in population 
performance after eight cycles of SI and half-sib selection. The SI 
selection method was more effective than half-sib method in cycles 0 to 
4. Changes in the selection procedure, agronomic practices, and the use 
of inbred testers, increased the response to half-sib selection in 
cycles 4 to 8. Apparently, genetic drift had a larger effect when 
selection was based on the performance of SI lines. 
Five cycles of SI recurrent selection for cold tolerance in maize 
21 
resulted in a significant improvement in percentage emergence, seedling 
vigor, and seedling dry weight (Hoard and Crosbie, 1985). According to 
the authors, progress in changing the population means was less than the 
obtained increases in allelic frequencies, because drift due to 
restricted population sizes was significant. 
Sullivan and Kannenberg (1987) compared three cycles of SI and 
modified ear-to-row selection in four open-pollinated maize 
populations. SI selection produced significant gains per cycle in three 
populations and a significant decrease in the other. No changes were 
produced after three cycles of modified ear-to-row in any of the four 
populations. Si selection resulted in a significant decrease in genetic 
variance. 
Iglesias (1987), Iglesias and Hallauer (1989), and Rodriguez and 
Hallauer (1988) reported results from the evaluation of S2 recurrent 
selection in populations with different proportions of exotic 
germplasm. The method has been successful in improving the performance 
of the populations with 25% and 50% exotic germplasm. Reduction in 
inbreeding depression was related to the amount of improvement realized 
in the population mean, which is in accordance to the theoretical 
advantage of selfed progeny selection: an increase in the frequency of 
favorable alleles with a concomitant elimination of the deleterious 
recessive alleles (Hallauer and Miranda, 1981). 
Inbred family selection, as other recurrent methods, should be an 
effective method to enhance the development of superior inbred lines 
because the performance of inbreds is expected to have a positive 
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correlation with the performance of the source population (Sprague and 
Eberhart, 1977). One of the most important factors to study is the 
change in combining ability brought about by cycles of inbred family 
selection. 
Center (1973) found SI selection in VCBS population to be more 
effective than testcross selection in increasing both population yield 
and combining ability. He hypothesized that when the frequency of 
desirable dominant genes increased and the frequency of deleterious 
recessive alleles decreased by inbred family selection, yields of 
populations and their crosses would increase, but mid-parent heterosis 
would decrease since parental yields would increase faster than yields 
of their hybrids. 
Horner et al. (1969) compared changes in general combining ability 
(GCA) after three cycles of testcross selection using two different 
testers (parental population and inbred line), and S2 selection in Fla. 
767 source population. The significant slower progress in combining 
ability improvement with S2 progeny method suggested that it was not 
effective in fixing dominant favorable alleles. When the fifth cycle of 
selection was evaluated for the three methods (Horner et al., 1973), the 
average combining ability with unrelated testers for the three methods 
was increased significantly (5.2%) with no significant difference among 
methods. In a later report, working on two different subpopulations of 
the wide-base synthetic FSHmR, Horner (1985) found no significant 
difference between the testcross method using an inbred tester and S2 
recurrent selection when evaluating changes in combining ability with 
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reciprocal testers. Since S2 selection was clearly superior when 
evaluating grain yield of inbred generations, he concluded that genetic 
variation for yield in these populations was largely additive. 
Jensen et al. (1983), working with elite gerraplasm, found that 
evaluation of S2 lines by testcross method shifted hybrid yields by 7% 
compared with only 1% for S2 per se tests. They concluded that most of 
the exploitable genetic variation for combining ability in their 
population probably was due to nonadditive effects. 
Stangland et al. (1983) compared changes in combining ability among 
populations under different recurrent selection programs and found a 
significant increase in GCA after one cycle of S2 selection in BS13. 
The poor SCA with the other population that showed a significant change 
in GCA [BSGB1(R)G7] indicated that the lines from BS13(S2)C1 had a 
higher frequency of favorable alleles but not necessarily those that 
complemented lines derived from BSCB1(R)G7. 
Iglesias (1987) found a nonsignificant tendency for the combining 
ability to increase after three cycles of S2 selection on populations 
involving exotic germplasm. The increase in combining ability with 
Lancaster Sure Crop type of testers was more important than with BSSS 
testers, and it was related to the observed gain in the population per 
se. 
If GCA reflects additive gene effects with partial to complete 
dominance (Jenkins, 1940) and inbred family selection is particularly 
effective in increasing the frequency of those alleles, it is expected 
that improvement in the population will be reflected on an improvement 
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in GCA. It is important to emphasize, however, that such a correlated 
response in GCA will depend on the tester that is used to evaluate the 
response, and that the ultimate use of the derived inbred lines in 
crosses must be determined from yield evaluations of the specific 
combinations (Hallauer and Miranda, 1981). 
Explanation of Thesis Format 
This dissertation is divided into two sections. Section I includes 
a study to evaluate the response to S2 recurrent selection in 
populations involving exotic germplasm, and the analysis of genetic 
effects related to cycles of selection. The problem of classifying the 
populations under study into existing or alternative heterotic groups, 
and the changes in combining ability produced by cycles of S2 recurrent 
selection are considered under Section II. 
Each section is in the form of a complete manuscript that will be 
submitted to a professional journal. A data appendix appears at the end 
of the dissertation. This appendix will not be included in the 
published manuscripts. A section of General Discussion and Conclusions 
of the two sections follow Section II. 
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SECTION I: RESPONSE TO S2 RECURRENT SELECTION 
Abstract 
The main objective in recurrent selection is to increase the 
frequency of favorable alleles for a trait, which will be reflected in a 
desired change in the mean and the maintenance of genetic variability to 
support future improvement. S2 recurrent selection is expected to 
result in a large response per cycle due to the utilization of high 
proportions of additive variance. The objectives of this study were to 
evaluate the response to S2 recurrent selection in populations involving 
exotic germplasm, and to relate changes in the population means to 
changes in additive and dominance gene effects and inbreeding using 
different genetic models. 
The study involved three populations with different proportions of 
exotic germplasm, BS16 (100%), BS2 (50%), and BSTL (25%) . The original 
populations, an intermediate and advanced cycles of selection were 
evaluated per se. selfed, and in crosses among them. The genetic models 
proposed by Smith (1983), and Hanson (1983) were used to investigate the 
relationship of different genetic parameters with the observed response 
to selection. 
The response to selection in grain yield was significant in the 
intermediate cycles, but no further response was obtained for BS2 and 
BSTL, and decreased for BS16 in later cycles. Changes in the frequency 
of alleles with additive effects were significant for the intermediate 
cycle. A significant coefficient due to inbreeding depression was 
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detected for BS16. The observed response for other agronomic traits was 
significant for most of the traits for the population representing 100% 
exotic germplasm. For most of the traits and populations, the expected 
trend for inbreeding depression to be reduced with cycles of selection 
was not observed. Possible reasons for the lack of response after two 
or three cycles of S2 selection are discussed. The results obtained in 
this study do not support the theoretical expectations for the method. 
Introduction 
Maize fZea mavs L.) breeders have been reluctant to use exotic 
germplasm as breeding populations because the frequency of derived lines 
has been lower than from pedigree selection within elite line crosses 
(Hallauer, 1981). Recurrent selection methods involving inbred family 
selection will be helpful in eliminating unfavorable recessive alleles 
from the populations, resulting in more productive derived lines 
(Hallauer and Miranda, 1981). S2 recurrent selection for grain yield in 
populations with different proportions of exotic germplasm was initiated 
in 1971 at Iowa State University (Hallauer, 1978). The relative 
proportions of exotic germplasm were 100, 50 and 25% for BS16, BS2, and 
BSTL, respectively. Differences in expected response among populations 
were not predicted from the initial estimates of variance components, 
but recent reports indicated that BS2 and BSTL were the populations that 
responded to selection (Iglesias and Hallauer, 1989a). Results from 
simulation studies and other field experiments have demonstrated that 
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populations with 25 to 50% exotic germplasm had a desirable mean, large 
genetic variance, and good expected response to selection (Bridges and 
Gardner, 1987; Crossa and Gardner, 1987). When the additive variance is 
the greatest fraction of the total genetic variance, SI and S2 recurrent 
selection are expected to improve the performance of the population, 
derived lines, and general combining ability. Comparisons with other 
methods have confirmed those expectations but revealed a weakness for 
inbred family selection, because the genetic variance was reduced after 
few cycles of selection (Moll and Smith, 1981; Horner, 1985; Tanner and 
Smith, 1987). 
The objectives of this study were to: 1) evaluate and compare the 
changes associated with cycles of S2 recurrent selection in populations 
with different proportions of exotic germplasm; and 2) relate changes in 
the mean of the selected populations to changes in additive and 
dominance gene effects and inbreeding, using different genetic models. 
Materials and Methods 
The populations included in this study have the following origin: 
a) BS16, derived from ETO Composite after six cycles of mass selection 
for early flowering (Hallauer and Smith, 1979); b) BS2, developed from 
crosses of 40 ETO Composite plants to each of six early lines (A251, 
A554, A575, A619, Mt42, and ND203) followed by five generations of 
intercrossing and random mating (Hallauer, 1978); and c) BSTL, produced 
by crossing Tuxpeno by Lancaster Sure Crop and backcrossing to Lancaster 
Sure Crop (Hallauer, 1972). The sequence of breeding and selection 
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operations for each cycle of S2 recurrent selection were usually 
conducted as follows: a) self-pollination of SO plants in the winter 
nursery; b) selection (ear size, maturity, and resistance to stalk root 
rot and first-generation European corn borer) among and within Si 
progenies (approximately 400) and self-pollination of selected Sis in 
Iowa; c) replicated yield trials of 82 progenies in Iowa; d) 
recombination of remnant SI progeny seed based on S2 progeny data in 
winter nursery; and e) an intercrossing generation in the summer nursery 
in Iowa. Five seasons in three years were used to complete each cycle 
of selection. The effective population sizes for BS2 and BSTL were 20 
progenies and for BS16 the 25 best progenies were intermated. 
The original populations (CO) and the synthetics resulting from 
cycles 2 and 4 for BS16, and cycles 3 and 5 for BS2 and BSTL were 
evaluated in this study. The experiments included the nine synthetic 
populations, populations selfed, a complete diallel among populations, 
testcrosses of populations to B73, B84, Mol7, and Oh43 inbred lines, 
population crosses (CO x Cn) selfed, and the following checks: a) 
populations BSIO and BSll (0, 4 and 8 cycles of reciprocal full-sib 
recurrent selection), crossed to Mol7 and B73, respectively, crosses 
between cycles 0 and cycles 8 of BSIO and BSll, and b) six 
single-crosses among B73, B84, Mol7, and Oh43. The results from the 
testcross evaluation are the specific subject for a subsequent paper 
(Iglesias and Hallauer, 1989b). 
The study was conducted during 1987 and 1988 at four locations; Ames 
Agronomy Research Center, Ames Atomic Energy Farm, Ankeny, and 
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Martinsburg. Each experiment was planted as a 10 x 11 triple 
rectangular lattice design. The experimental unit was a two-row plot 
that was 5.49 m (18 feet) with 76.2 cm (30 inches) between rows. All 
experiments were machine planted between the third and fourth week of 
April. The plots were overplanted and thinned to 52 plants/plot (62,150 
plants/ha). Conventional fertilization and weed control were used at 
all locations. Particularly dry conditions were present throughout most 
of the vegetative period during 1988. All experiments were machine 
harvested. 
Data were collected in all experiments for stand (plants/ha), root 
lodging (% plants leaning more than 30° from vertical), stalk lodging (% 
plants broken at ear node or below), dropped ears (%), grain yield (q/ha 
at 15.5% grain moisture), and grain moisture (%). For experiments 
located at Ames Agronomy Research Center and Ames Atomic Energy Farm, 
flowering date (days from planting to 50% of plants shedding pollen) and 
ear height (cm, measured in 10 competitive plants from ground level to 
upper ear node) were recorded. 
Analyses of variance (ANOVA) were conducted for experiments at each 
location and combined over environments (years and locations = 8 
environments). Years and locations were considered as a random sample 
of environments and entries as fixed effects. The sum of squares of 
populations and populations selfed, with two degrees of freedom, were 
partitioned into orthogonal contrast representing the original vs. 
intermediate and advanced cycle; and intermediate vs. advanced cycle of 
selection. The model used to estimate genetic parameters through 
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generation mean analysis was described by Smith (1983). For each 
population the following components were estimated: 
AOI = mean of a base genotype plus the intercept of homozygote 
contribution regressed on cycle of selection, {(2p-1 ) [a/ffpj^]+/x/CTpj^) ; 
DOT = one half the intercept of heterozygote contributions regressed on 
cycles of selection, {p(l-p) [d/ffpj^] ) ; 
ALI = partial linear regression coefficient of homozygous contributions 
regressed on cycles of selection, {Ap[a/ap^]); 
DLI = partial linear regression coefficient of heterozygous 
contributions regressed on cycles of selection Ap(l-2p)[d/ffp^]}; 
DQI = partial quadratic regression coefficient of heterozygous 
O 
contributions regressed on cycles of selection, {(Ap) [d/ffpj^] ) ; 
DLI'I = a linear function of the changes in allelic frequencies in the 
and the I^^-prime populations and dominance effects, 
{Ap[(p-p' )d/crpj^] ) ; 
HII' = heterosis in the cross of the and the prime populations 
if I 3- I', {(p - P')2[d/fph]); 
HQII' = a quadratic function for the change in allelic frequencies and 
heterozygous effects in the cross of the and I^'^-prime 
populations if I ^ I', ApAp'[d/Pp^]; 
where : - the mean of the base genotype ; 
<7p^ = the phenotypic standard deviation; 
p - the initial frequency of a particular allele (G^) at the i^-^ 
locus in population I ; 
p' = the initial frequency of the allele at the i^^ locus in 
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population I'; 
Ap - the change in frequency for the allele after one cycle of 
selection in population I; 
Ap' = the change in frequency for the allele after one cycle of 
selection in population I'; 
a - one half the difference in genotypic value for homozygous 
genotypes G^G^ and g^g^; and 
d =• genotypic value of G^g^ genotype as a deviation from the 
mean of the homozygous genotypes. 
Genetic parameters (/3) were estimated using least squares, where: 
^ - 1 j3 — (X'X)" X'Y, and entry means over all environments were used as the Y 
matrix. The X matrix was constructed as a matrix of functions of cycle 
number and genetic parameter coefficients. The variance of the 
estimated parameters was calculated as V(^) = (X'X)"^a^/re; where, is 
the pooled error or the GxE mean squares, and re represents the number 
of observations included in the mean of an entry. 
The analysis for genetic diversity was adapted from Moll and Hanson 
(1984) and was based on data from the complete diallel among the 
populations and advanced cycles (n =• 9). Dominance-associated distance 
(Dd) was estimated from specific combining ability effects (S^j) as 
follows: Dd = [Sg(S£j-Sj., j )^-2(n^-n+l)S^/n] where, is the 
variance of a population or population cross mean based on the GxE or 
pooled error mean squares. Additive-associated distance was estimated 
from general combining ability effects (A^) as follows: 
Da- [n(Ai-Ai,)2-2(n-l)s2/n2]l/2. 
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Test of significance for both distances, standardized by the 
respective standard deviations, are available from the F statistics 
table using (F-1)^/^ for n-1 and genotype x environment degrees of 
freedom. 
Results and Discussion 
Means squares for the combined analysis of variance for each of the 
evaluated traits are presented in Table 1. The comparative efficiency 
of lattice design with respect to randomized complete block design was 
important (>5%) for some traits in some of the environments. Adjusted 
means were used for parameter estimation and data presentation. 
The discusion in this section is centered on the partition 
corresponding to populations. Genotype by environment interactions were 
significant for grain yield, ear height, and root and stalk lodging, and 
the corresponding mean squares were used to test differences among 
entries. 
The performance of the original populations, the intermediate and 
advanced cycles of selection per se and selfed, is presented in Table 
2. Significant increase in grain yield was observed when comparing the 
intermediate cycle with the original populations. The average rate of 
gain per cycle was 3.4 (7.2%), 3.8 (9.5%), and 4.2 q/ha (10.6%) for 
BS16, BS2, and BSTL, respectively. There was a significant reduction in 
yield (4.5 q/ha/cycle) between the intermediate and advanced cycle of 
selection for BS16. The other two populations did not show any changes 
after the intermediate cycle. 
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yield (4.5 q/ha/cycle) between the intermediate and advanced cycle of 
selection for BS16. The other two populations did not show any changes 
after the intermediate cycle. 
Table 1. Combined analysis of variance for the seven traits evaluated 
in eight environments 
Source 
d.f. 
Grain yield Grain 
moisture 
Root 
lodgine 
Environments (E) 7 117,038.88** 2,393. 53** 3,744.32** 
Reps/E 16 589.32** 11. 20** 203.88** 
Entries (G) 109 4,924.98** 15. 91** 333.53** 
Populations (P) 61 3,063.65** 14. 54** 241.27** 
Per se 8 632.81** 26. 53** 594.05** 
BS16 CO vs C2,C4 84.64 139. 24** 213.16 
BS16 C2 vs G4 972.00** 14. 54** 417.72** 
BS2 CO vs C3,C5 1,664.64** 2. 56 2,981.16** 
BS2 C3 vs C5 69.12 0. 48 27.00 
BSTL CO vs C3,C5 2,079.36** 19 .36** 282.24* 
BSTL C3 vs C5 69.12 7 .68* 24.00 
Among populations 2 61.80 14 .19** 403.56** 
Selfed 8 204.03 17 . 82** 219.55** 
BS16 2 93.68 60 .56** 209.36* 
BS2 2 258.32 2 .00 340.08** 
BSTL 2 457.52* 0 .72 66.32 
Among populations 2 6.60 58 .00** 262.44* 
Diallel crosses 35 313.31** 12 .14** 204.36** 
(CO X Cn') X 5 8.70 12 .58** 100.29 
Checks 1 4,062.72** 1 .92 376.32* 
Among erouDs 4 41,636.01** 10 .60** 44.58 
Testcrosses (TC) 47 1,395.20** 16 .24** 450.15** 
P vs TC 1 284,365.75** 83 .64** 480.26** 
G X E 763 147,97** 2 .43 59.97** 
Pooled error 1744 82.92 2 .09 41.39 
General mean 
Coefficient of variation 
55.2 q/ha 
16.5% 
18.2% 
8.0% 
5.7% 
113.5% 
^Ear height and flowering date were recorded in four environments. 
*, ** Significant at the 0.05 and 0.01, respectively. 
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S talk Dropped Flowering Ear 
lodeins ears d . f . a  date height 
21,434.15** 202.81** 3 11,880.46** 14,298.75** 
191.98* 3.05 8 1.09 301.65** 
408.43** 2.60 109 42.00** 1,330.42** 
248.18** 2.48 61 34.98** 1,001.72** 
326.71** 3.07 8 32.91** 1,257.70** 
665.64** 0.04 1 192.08** 7,589.12** 
130.68 0.12 1 0.24 24.00 
0.36 1.96 1 2.00 784.08** 
20.28 1.08 1 11.76 1,278.96** 
4.00 10.24* 1 18.00 196.02 
192.00 4.32 1 0.00 73.50 
800.36** 3.40 2 19.60* 57.96 
206.81** 0.81 8 39.64** 560.58** 
12.56 1.28 2 94.36** 1,468.00** 
29.12 1.68 2 20.64* 188.76 
157.04 0.08 2 13.48 224.44* 
628.52** 0.20 2 30.08** 361.12** 
169.82** 2.46 35 15.80** 499.05** 
574.18** 3.33 5 10.83 345.92** 
908.28** 3.00 1 7.26 17.34 
286.98* 3.62 4 234.74** 6,836.25** 
201,10** 2.99 47 51.00** 1,700.72** 
19,927.82** 0.00 1 47.00** 3,977.45** 
87.68** 2.50 327 6.97 66.14** 
54.38 2.19 872 6.03 40.64 
14.1% 0.8% 71.8 days 112.9 cm 
52.3% 185.2% 3.4% 5 . 6  
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Evaluating the response to S2 recurrent selection by the means of 
the synthetic populations resulting from different cycles of selection 
is an indirect way of measuring the response. The correct procedure 
would have been to evaluate the populations after two generations of 
selfing. The performance of selfed populations reflects more directly 
the response to S2 recurrent selection. No significant effects due to 
selection were detected in the mean of selfed populations, except for 
the increase observed in BSTL intermediate cycle. S2 recurrent 
selection is based on the exposure and elimination of recessive 
deleterious alleles, which in turn will result in a smaller inbreeding 
depression in the advanced cycles of selection. No clear tendency in 
terms of inbreeding depression for grain yield can be observed from the 
results presented in Table 2. 
Previous reported results (Iglesias and Hallauer, 1989a) compared 
well for BS2, but not for BS16 and BSTL for grain yield. A significant 
reduction in the first cycle of selection as a consequence of abnormal 
environmental conditions during the progeny evaluation, and no trend for 
posterior recovery was reported for BS16. For BSTL, the previous report 
revealed a lack of response in the first four cycles, with an increase 
in the last cycle (P<0.10). Results from this study confirmed the 
inability of S2 recurrent selection to change the population means or to 
maintain the response for a number of cycles. 
This study confirmed the superiority of BS16C0 over the other 
original populations as demonstrated in previous studies (Iglesias, 
1987; Iglesias and Hallauer, 1989a). BS16 represents the populations 
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Table 2. Populations mean (per se and selfed) and inbreeding depression 
(I.P.. %') for all the evaluated traits 
Grain % Grain % lodging Dropped Flower. Ear 
yield moisture root stalk ears date height 
Population (a/ha) ( days ) (cm) 
BS16C0 per se 47 .1 19.8 9.8 21 .0 0 .7 74 .1 132 .6 
selfed 27 .5 19.7 7.4 15 .2 0 .5 75 .3 108 .1 
I.D. -41 . 6 -0.5 -21.3 -27 . 6 -28 .6 +1 . 6 -18 .5 
BS16C2 per se 53 .9 17.4 8.7 12 .9 0 .8 69 .3 102 .8 
selfed 26 .1 17.0 4.2 14 .0 0 .5 71 . 6 95 .1 
I.D. -51 .6 -2.3 -51.7 +8 .5 -37 .5 +3 .3 -7 .5 
BS16C4 per se 44 .9 16.3 2.8 16 .2 0.7 69 .1 100 .8 
selfed 30.0 16.9 1.5 15 .3 0 .9 69 .8 86 .1 
I.D. -33 .2 +3.7 -46.4 -5 .6 +28 .0 +1 .0 -14 . 6 
BS2C0 per se 40 .1 17.5 17.7 21 .5 0 .3 70, .7 121 .2 
selfed 24.2 17.2 11.5 16, .8 0, ,8 73, ,7 106 .0 
I.D. -39 ,6 -1.7 -35.0 -21, .9 +167, ,0 +4, ,2 -12 .5 
BS2C3 per se 51, ,5 18.0 4.8 22, ,3 0, ,8 71, ,9 118, .6 
selfed 29, ,5 17.7 5.6 18, .6 0, .3 72, ,7 103 .8 
I.D. -42, ,7 -1.7 +16.7 -16, .6 -62, ,5 +1, ,1 -12, .5 
BS2C5 per se 49, .1 17.8 3.3 21, ,0 0, ,5 70, ,5 104, ,0 
selfed 30. 2 17.7 4.5 18. 8 0. 7 71. 1 98, ,3 
I.D. -38, ,5 -0.6 -36.4 -10, ,5 +40, ,0 +0. 8 -5, ,5 
BSTLCO per se 39. 6 19.3 6.8 14. 9 1. 5 73. 2 116, ,5 
selfed 23. 4 18.3 5.1 12. 4 0. 5 74. 9 100.9 
I.D. -40. 9 -5.2 -25.0 -16. 8 -66. 7 +2. 3 -13. ,4 
BSTLC3 per se 52. 2 18.6 3.6 17. 4 1. 0 71. 7 113. 3 
selfed 31. 2 18.3 3.8 14. 6 0.5 74. 1 104. 4 
I.D. -40. 2 -1.6 +5.6 -16. 1 -50. 0 +4. 7 -8. 0 
BSTLC5 per se 49. 8 17.8 1.6 13. 4 0. 4 71. 7 109. 8 
selfed 30. 7 18.0 1.8 9. 5 0. 6 72. 8 95. 8 
I.D. -38. 4 +1.1 +12.5 -29. 1 +50. 0 +1. 5 -12. 8 
LSD (0. 05) 6. 9 0.8 4.4 5. 3 0. 8 2. 0 6. 5 
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with 100% exotic germplasm, but its performance is comparable with 
adapted populations. 
With respect to the other agronomic traits evaluated in the 
populations per se or selfed, the observed response to selection was 
population dependent. The mean for the agronomic traits is presented in 
Table 2. Tallness and lateness are among the main problems faced in the 
introgression of exotic germplasm into adapted Corn Belt populations 
(Brown, 1983). A close relationship between flowering date and ear 
height was observed for the populations. Flowering date is one of the 
principal determinants of plant and ear height, early plants tend to be 
shorter. Adaptative selection in exotic and semi-exotic populations was 
implemented by selecting all the plants that flowered before a certain 
date. One of the most remarkable aspects about these traits is that 
when ETO Composite was first introduced, its plant height was 4.5 m and 
the mean flowering date was late August, which is an undesirable 
standard for the U. S. Corn Belt (Hallauer, 1978). After six cycles of 
adaptative selection the same population (renamed BS16) flowered in the 
first week of July. This is a clear indication of the wealth of genetic 
diversity and the response to selection that can be obtained from exotic 
gene pools. 
Earliness was not one of the traits considered when selecting S2 
progenies, but abnormal conditions during the first cycle of selection 
in BS16, resulted in the selection of the earlier and shorter families 
that had escaped the drought. No significant changes in flowering date 
were observed in the other two populations. The advanced cycle of 
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selection for BS2 population presented a significant reduction in ear 
height with respect to the intermediate cycle, indicating that in that 
particular case the association between those two traits was not so 
strong. 
Grain moisture is an indicator for the date of maturity, those 
entries with the lowest grain moisture at harvest being the ones that 
mature earliest. In general, the grain moisture was positively 
associated with flowering date. It can be concluded that selection did 
not affect the length of the grain filling period, except for the 
significant reduction in grain moisture between the intermediate and the 
advanced cycle of selection in BS16. If that change resulted in a 
reduced grain filling period, it could be one of the causes for the 
significant reduction in grain yield for the same stages of selection in 
BS16. 
Improvement in grain yield during the initial cycles of selection in 
BS2 was accompanied by a significant reduction in root lodging. A 
significant reduction in root lodging was observed in advanced cycles of 
selection in BS16. Standability was one of the component characters of 
the heritability index used for family selection (Smith et al., 1981). 
The tendency to reduce root lodging with cycles of selection in BSTL was 
significant but it was proportionally smaller than in the other two 
populations. BS16 was the only population that presented a significant 
reduction in stalk lodging. The reduction in plant size with cycles of 
selection probably accounted for most of the improvement in 
standability. Stalk lodging is the component trait of standability for 
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which more improvement is needed. Selection did not change the average 
stalk lodging performance for BS2 and BSTL, and even if BS16 presented a 
better performance for the trait in advanced cycles, the mean values for 
stalk lodging are greater than desirable. Since further reduction in 
plant size can affect grain yield by reducing the photosynthetic area, a 
restricted selection index can be applied to improve stalk lodging and 
grain yield, holding ear height and flowering date constant (Smith et 
al., 1981). 
Except for BSTL, there was no change in the percentage of dropped 
ears with cycles of selection. The overall mean for the trait was 
approximately 1% in the original populations. This could be the 
consequence of the populations having intrinsic low values for the trait 
or the method of selection and/or the environments did not favor the 
expression of the trait. 
Inbreeding depression is expected to decrease with cycles of S2 
recurrent selection. Previous reported results for the same three 
populations showed that the tendency and amount of reduction was 
population and trait dependent (Rodriguez and Hallauer, 1988), 
Comparing original with advanced cycles of selection in terms of 
inbreeding depression (Table 2), BS16 showed an important reduction for 
grain yield and stalk lodging; BS2 for flowering date and stalk lodging; 
and BSTL for grain moisture and root lodging. Differences in levels of 
inbreeding depression among populations may be explained as a result of 
differences in gene frequency, level of dominance, genetic drift, and 
sampling (Hallauer and Sears, 1973). 
40 
Comparing the changes produced by selection in relation to the 
proportion of exotic germplasm in the populations under consideration, 
significant changes in 6, 3, and 4 of the seven evaluated traits were 
observed in BS16, BS2, and BSTL, respectively. The check population 
crosses presented a significant improvement in grain yield and root and 
stalk lodging, when comparing crosses involving original BSIO and BSll 
populations and crosses between the eight cycles of reciprocal recurrent 
selection. 
The estimated genetic parameters using the model proposed by Smith 
(1983), based on the overall means for populations and population 
crosses, are presented in Table 3. The DOT estimate for grain yield 
showed a larger effect due to dominance gene action than those effects 
due to additive gene action in the base populations. Changes in 
frequency of alleles with additive or dominance effects with cycles of 
selection were not significant, indicating that the average response to 
selection was not significantly different from zero in any of the 
populations with respect to grain yield. 
The effect of genetic drift (DQI) over cycles of selection was 
important for BS16 population. Previous studies considered this effect 
to be a consequence of selecting a set of extremely early and short type 
plants in the initial cycle of selection (Iglesias, 1987; Iglesias and 
Hallauer, 1989a). As a result, a shift in the population structure 
toward a genetic structure that was not fitted for normal conditions was 
produced. The significance of the DQI terra supports the observed 
decrease in grain yield for the advanced cycles of selection in BS16 
Table 3. Genetic parameters (Smith, 1979,1983) 
population crosses 
Trait Population API DPI 
Grain BS16 2.33 23.90** 
yield BS2 5.04 19.08** 
BSTL 6.91 17.55** 
BS16 X BS2 
BS16 X BSTL 
BS2 X BSTL 
Grain BS16 19.02** 0.30 
moisture (%) BS2 16.64** 0.42 
BSTL 17.95** 0.60 
BS16 X BS2 
BS16 X BSTL 
BS2 X BSTL 
Flowering BS16 76.34** -1.20 
date BS2 76.47** -2.80** 
BSTL 77.29** -2.01* 
BS16 X BS2 
BS16 X BSTL 
BS2 X BSTL 
Ear height BS16 86.30** 23.09** 
BS2 89.75** 17.81** 
BSTL 91.92** 13.55** 
BS16 X BS2 
BS16 X BSTL 
BS2 X BSTL 
for all the traits evaluated in the populations and 
ALT DLI DPI DLII' HPII' HIT' 
1.15 -0.96 0.21* 
0.52 0.76 0.12 
0.56 0.57 0.05 
-0.01 0.03 0.42 
-0.27 -0.04 3.55** 
-0.02 0.02 2.19 
-0.36** -0.08 -0.03* 
0.09 -0.14 0.01 
0.06 -0.19 0.00 
0.07 -0.02 -0.18 
-0.06 0.04* 0.08 
0.03 -0.01 -0.04 
-0.81** 0.06 -0.05 
-0.45* 0.43 0.00 
-0.23 -0.04 -0.02 
-0.03 0.00 -0.04 
0.11 -0.02 -0.73* 
0.10 -0.03 -0.34 
-2.46** -2.18* -0.30** 
0.22 -1.98* 0.04 
-0.21 -0.71 0.02 
0.33 -0.01 -1.36 
0.35 -0.01 -1.86 
1.53** -1.63** -1.21 
% root BS16 6.96** 1,75 -0.81 0.05 0.04 
lodging BS2 5.37* 5.10* 0.04 -1.49** -0.03 
BSTL 3.91 1.80 -0.10 -0.60 -0.02 
BS16 X BS2 -0.25 0.13 0.60 
BS16 X BSTL 0.06 0.03 -0.61 
BS2 X BSTL 0.16 0.03 -1.62* 
% stalk BS16 9.80** 4.39* 0.16 -0.62 -0.08 
BS2 15.28** 3.65 0.43 -0.70 -0.01 
BSTL 11.35** 1.83 -0.42 0.32 -0.01 
BS16 X BS2 0.35 -0.05 -1.93* 
BS16 X BSTL 0.24 -0.08 -1.12 
BS2 X BSTL -0.35 0.18* 0.63 
% dropped BS16 0.07 0.28 0.08 -0.11 -0.01 
BS2 1.37* -0.44 -0.06 0.08 0.00 
BSTL -0.27 0.84* 0.10 -0.11 0.02 
BS16 X BS2 -0.03 0.00 0.32* 
BS16 X BSTL -0.04 0.02 0.08 
BS2 X BSTL 0.02 -0.01 -0.10 
*,** Significantly different from 0 at the 0.05 and 0.01 levels of probability, respectively. 
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when evaluated per se 
The estimated parameter HII', representing heterosis in the 
population crosses, was significantly different from zero for the cross 
BS16 X BSTL. According to the Smith's model, these two populations will 
express greater diversity with cycles of selection. 
For the other evaluated agronomic traits the estimated AOI showed a 
significant effect due to additive gene action in all the base 
populations, except for root lodging and dropped ears in BSTL and 
dropped ears in BS16. The mean of random lines derived from the 
original populations for those traits will be significantly different 
from zero. No significant contribution from dominance effects for grain 
moisture was observed in any of the populations. The DOT estimates were 
significant for all the populations. For the remaining agronomic 
traits, a significant contribution of dominance gene action was observed 
in one or two of the original populations. 
The direct effect of selection, measured as 2ALI + 2DLI, was 
significant for grain moisture, flowering date, and ear height in BS16, 
which is coincident with the observed response to selection in 
populations per se. A significant reduction in flowering date, ear 
height, and root lodging with cycles of selection was detected by the 
model for BS2 population. Ear height and root lodging were reduced as a 
consequence of the increase in frequency of alleles at the heterozygous 
condition. The effect of genetic drift measured by the DQI term was 
important in determining reductions in grain moisture and ear height in 
BS16. 
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The linear and quadratic coefficients (DLII' and HQII') for the 
changes in allelic frequency and heterotic effects in the population 
cross BS2 x BSTL accounted for the observed changes in ear height when 
crossing different cycles of selection. The HQII' term also explained 
the increase in stalk lodging when crossing advanced cycles of the same 
populations, and the increase in grain moisture for the cross, BS16 x 
BSTL. 
The coefficient accounting for heterotic effects when crossing two 
populations (HII') represented a significant reduction in root lodging 
for BS2 X BSTL, flowering date for BS16 x BSTL, and stalk lodging for 
BS2 X BS16. The precision for estimating the set of parameters 
involving population crosses was small due to the restricted number of 
sources of information for which the terms can be included in the 
equations, and due to the correlation with other population parameters. 
Table 4 presents the additive- and dominance-associated distances 
(Da and Dd) obtained from the application of the model proposed by 
Hanson (1983). For Da to be nonzero; there must be differences in gene 
frequencies for genes having additive effects. For Dd to be nonzero, 
there must be dominance at the locus level and differences in gene 
frequencies (Hanson and Casas, 1968). 
Changes in gene frequency for genes having dominance effects (Dd) 
were only important in BS2 for ear height and grain moisture, and in 
BS16 for ear height. On the other hand additive-associated distances 
(Da) accounted for most of the differences among cycles of selection. 
If selection was effective the distance between the original population 
Table 4. Estimated standardized distances between maize populations based on additive-associated 
(Da) and dominance (Dd) effects 
Trait C0-C2 
BS16 
C0-C4 C2-C4 C0-C3 
BS2 
C0-C5 C3-C5 C0-C3 
BSTL 
C0-C5 C3-C5 
Grain 
yield 
Da 4.53* 
Dd 0.55 
2.76 
0.64 
7.51** 
0 .00  
6.99** 
0.00 
16.21** 
0 . 8 0  
0 . 0 0  
0 .00  
10.07** 
0 .00  
10.96** 
0.53 
0 . 0 0  
0.00  
% Grain Da 25.93** 32.36 6.35 1.89 10.19** 12.34** 8.27** 12.34** 3.92 
moisture Dd 1.00 1.32 0.50 0.43 0.60 1.22 0.68 0.71 0.00 
Flower. 
date 
Da 19.83** 
Dd 0.00 
22.83** 
0.00 
2.83 
0.00 
0 .00  
0 .00 
0.36 
0.00 
0.36 
0 . 0 0  
6.09** 
0 .00  
10.00** 
0 .00  
3.75 
0.00  
Ear 
height 
Da 37.00** 
Dd 0.00 
40.90** 
0.79 
3.79 
1.02* 
9.32** 
1.49* 
25.77** 
1.41 
16.67** 
0 . 0 0  
4.15* 
0 .00  
9.18** 
0 .00  
4.86* 
0.00 
Root 
lodging 
Da 
Dd 
0.00  
0 .00  
4.90* 
0.00 
2.36 
0 .00  
10.67** 
0.00 
10.94** 
0 . 2 6  
0.00 
0 .00  
1.79 
0 .00  
4.39* 
0.00  
2.12 
0.00  
Stalk 
lodging 
Da 7.41** 
Dd 0.31 
1.38 
0.59 
5.69* 
0 . 0 0  
3.30 
0.00  
1.08 
0 .0 0  
4.82* 
0 . 0 0  
4.90* 
0.65 
0.00  
0.00  
4.56* 
0.00  
Dropped 
ears 
Da 
Dd 
1.26 
0 .00  
2.84 
0.00 
0.98 
0 .00  
0.00  
0.00 
0.00 
0 .00  
1.28 
0 . 0 0  
0 .00  
0 .00  
3.81* 
0 . 0 0  
2.85 
0.00  
*,** Significantly different from 0 at the 0.05 and 0.01 levels of probability, respectively. 
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and successive cycles of selection is expected to increase. For grain 
yield the estimated Da supported the observed changes in populations per 
se. For the other agronomic traits the estimated Da effects supported 
the previous observed response to selection, and detected significant 
changes in flowering date and and stalk lodging for BSTL and grain 
moisture and stalk lodging for BS2, which were not observed previously. 
In general, tendencies that were not significant when the sums of 
squares were partitioned in orthogonal contrasts were detected as 
significant when estimating additive-associated distances using Hanson's 
model. 
Theoretically, S2 recurrent selection could result in one of the 
largest gains per cycle when comparing different recurrent selection 
methodologies (Eberhart, 1972). The estimated heritability for grain 
yield based on S2 progeny means was never lower than 0.75 (Hallauer, 
Pers. com., 1988, Agron. Dept., I.S.U.), providing the basis for high 
expected genetic gains. The results reported here, as well as previous 
results involving the same populations, verified a lack of response for 
grain yield beyond the initial two or three cycles of selection. The 
confirmation of this trend tends to rule out the possibility of sampling 
effect being associated with the lack of response in advanced cycles of 
selection. 
Reported results from other populations under inbred family 
selection showed a significant drop in genetic variance after few cycles 
of selection, which could be related with the probability of allele 
fixation. Alleles that are present in the original populations either 
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at low (<0.20) or high (>0.80) frequency will have a good chance of 
being fixed after few cycles of selection, making no contribution to the 
genetic variance in future generations. This hypothesis can be studied 
tracing the frequency of a set of molecular markers, that are associated 
with the traits under selection. The absence of a tendency for 
inbreeding depression to be reduced with cycles of selection does not 
support that hypothesis. If alleles at important loci are being fixed, 
the depression produced by a generation of selfing will be smaller in 
advanced cycles of selection. 
Genetic drift, as a cause for limited response, can not be ruled 
out, at least for BS16 population, Iglesias and Hallauer (1989a) also 
reported a significant DQI for BS2. The effective population size 
(Ne™2N) was 40 for BS2 and BSTL, and 50 for BS16. Genetic drift is not 
supposed to be an important factor limiting response to selection at 
those population sizes. 
Based on the results for BS16, BS2, and BSTL, S2 recurrent selection 
can be recommended for a limited number of cycles, to eliminate 
deleterious recessive alleles from the populations. Subsequently, 
methodologies involving cross-pollinated progenies (intra- or 
interpopulation) should be considered as a way to maintain the response 
to selection in future cycles. 
Conclusions 
A significant response to selection for grain yield was observed in 
all the populations up to the intermediate cycle. In advanced cycles 
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the response was null for BS2 and BSTL, while there was a significant 
reduction for BS16. The additive-associated distance estimated from 
Hanson's model supported the observed response, while the expected gain 
from the parameters of Smith's model (2ALI + 2DLI) did not detect 
significant changes. Genetic drift estimated by the coefficient DQI, 
appeared to explained the reduction in advanced cycles of BS16. 
With respect to the other agronomic traits, significant changes were 
observed in BS16 for all except dropped ears. The response was 
generally observed in the initial cycles of selection. BS2 presented a 
significant response in root lodging in the initial cycles and a 
reduction in ear height in advanced stages. Reductions in grain 
moisture, root lodging, and dropped ears were observed in BSTL. 
Estimated parameters with the two applied models tended to support the 
observed response to selection. Additive-associated distances from 
Hanson's model detected significant differences that were not 
established from the original partition of the mean squares. 
A significant estimate for the heterosis coefficient (HII') was 
observed in BS16 x BSTL for grain yield, indicating an increase in 
genetic divergence between those populations in advanced cycles of 
selection. 
For most of the evaluated traits, inbreeding depression did not 
present the expected reduction with cycles of selection that results 
from the elimination of deleterious recesive alleles. 
Theoretical expectations for S2 recurrent selection cannot be 
confirmed from the obtained results. S2 recurrent selection appeared to 
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be effective for increasing the frequency of favorable alleles with 
additive effects over a restricted number of cycles. The reasons for 
that limited response are still to be established. 
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SECTION II: HETEROTIC RESPONSE AND CHANGES IN COMBINING ABILITY 
Abstract 
52 recurrent selection is expected to result in the improvement of 
derived inbred lines, but the correlated changes in combining ability 
with cycles of selection have not been studied. A significant direct 
response to selection based on additive effects, is expected to result 
in the improvement of general combining ability (GCA). A correlated 
response in combining ability, however, will depend on the tester that 
is used to evaluate it. The objectives of this study were to determine 
the heterotic pattern among populations involving exotic germplasm, and 
to study the changes in combining ability with cycles of S2 recurrent 
selection. 
The study involved three populations with different proportions of 
exotic germplasm, BS16 (100%), BS2 (50%), and BSTL (25%). The original 
populations, intermediate, and advanced cycles of selection were 
evaluated in a diallel and testcrossed to four elite inbred testers 
(B73, B84, Mol7, and Oh43). 
Changes in GCA were associated with the observed direct response to 
selection. An increase in the frequency of alleles with additive 
effects seemed to support the response to selection. Specific 
combining ability (SCA) and population heterosis were not important in 
determining differences among population crosses. The three 
populations can be classified in the same heterotic group. The best 
performance for grain yield was observed in testcrosses with B73 and 
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B84, supporting the suggestion that the populations belong to the 
Lancaster Sure Crop heterotic group. Low performing testers were the 
most effective in discriminating changes in combining ability with 
cycles of selection. Lines as good as Oh43, in terms of combining 
ability for grain yield, can be derived from advanced cycles of 
selection. Except for stalk lodging, testcrosses of the populations 
for other agronomic traits compared well with the elite check hybrids. 
S2 recurrent selection can improve the performance of both, the lines 
and the future hybrids derived from populations under a limited period 
of S2 recurrent selection. 
Introduction 
The incorporation of exotic strains into adapted maize fZea mavs L,) 
germplasm would increase the available genetic variability and would 
give rise to additional heterotic vigor (Geadelmann, 1984). One of the 
most important requirements for the successful use of exotic germplasm 
is to have adequate information about its performance and in crosses 
with elite populations being used. Heterotic response for a trait is 
expected to occur whenever there is a difference in gene frequencies and 
some degree of directional dominance for loci controling the trait 
(Hallauer and Miranda, 1981). The diallel mating design has been a 
useful tool for the evaluation and genetic analysis of exotic 
populations (Troyer and Hallauer, 1968; Eberhart, 1971; Mungoma and 
Pollak, 1988). The method is based on the assumption of a linear 
relationship between genetic divergence of the involved populations 
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and heterosis (Moll et al., 1962). The range over which that assumption 
is valid is restricted sometimes. Crosses involving extremely diverse 
populations have shown lower levels of heterosis due to the disruption 
of genetic complexes for specific adaptation (Moll et al,, 1965). Data 
derived from diallel mating designs are particularly valuable to 
estimate genetic distances and in that way classify populations into 
different heterotic gene pools. Multivariate statistical techniques 
have been suggested and used to a limited extent to measure genetic and 
phenotypic divergence among entries to aid in planning reciprocal 
recurrent selection programs among populations belonging to different 
clusters (Goodman, 1972; Camussi et al., 1983). 
Changes in gene frequency imposed by recurrent selection methods 
will alter the heterotic response of the original population. Inbred 
family selection (SI or S2) is expected to result in the development of 
superior inbred lines, but the changes in combining ability brought 
about by cycles of selection deserve further consideration. Studies 
comparing the changes in combining ability produced by inbred family 
selection and testcross methods have been reported. Inbred family 
selection was found to be: significantly less efficient (Horner et al., 
1969; Jensen et al., 1983), no different (Horner et al., 1973; Horner, 
1985), or significantly more efficient than testcross selection (Center, 
1973) . General combining ability effects (GCA) reflect additive gene 
effects with partial to complete dominance (Jenkins, 1940), and inbred 
family selection is particularly effective in increasing the frequency 
of those alleles (Hallauer and Miranda, 1981). As a result, it is 
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expected that improvement in the population will be reflected in an 
improvement in GCA. A correlated response in combining ability, 
however, will depend on the tester that is used to evaluate it. The 
ultimate use of the derived inbred lines in crosses must be determined 
from yield evaluations of the specific combinations (Hallauer, 1986). 
The objectives of this study were to: 1) determine the heterotic 
pattern among populations involving exotic germplasm and adapted 
materials; and 2) study the changes in combining ability with cycles of 
selection, using different testers. 
Materials and Methods 
The details of S2 recurrent selection using populations BS16, BS2, 
and BSTL were presented in a previous report (Iglesias and Hallauer, 
1989). This study emphasizes the complete diallel among original 
populations and advanced cycles, the testcrosses of the populations and 
advanced cycles to B73, B84, Mol7, and Oh43 inbred lines, and the 
population crosses and testcrosses used as checks. The original study 
included 110 entries and was conducted during 1987 and 1988 at four 
locations in Iowa. Each experiment was planted as a 10 x 11 triple 
rectangular lattice design. The experimental unit was a 5.49 x .76 m 
two-row plot. All experiments were planted and harvested by machine. 
Data were collected in all experiments for stand (plants/ha), root (%, 
proportion of total plants leaning more than 30% from vertical) and 
stalk lodging (%, proportion of total plants broken at or below ear 
node), dropped ears(%, proportion of total ears not attached to the 
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plant), grain yield (q/ha, at 15.5% grain moisture), and grain moisture 
(%). Flowering date (days from planting to 50% of plants bearing 
tassels that shed pollen) and ear height (cm) were recorded at two 
locations. 
Lattice design analyses were used to determine entry mean 
differences among the 110 entries. The genetic information from the 
diallel and testcrosses was derived using Analysis II and III proposed 
by Gardner and Eberhart (1966). Analysis II was based on fitting the 
variety and variety cross means to the linear model: 
Yij = + l/2(vj + Vj) + 7h + 7(h£ + hj) + , 
where: <=• the mean of all parental varieties included; 
v^,vj = the variety effect when parent varieties are included in 
the analysis; 
h = the average heterosis contributed by the particular set 
of varieties; 
h^,hj - the average heterosis contributed by varieties i and j; and 
Sj^j = the specific heterosis that occurs when variety i is mated 
to variety j ; 7 = 0 when i=j and, 7 - 1 when is^j . 
Analysis III was based on fitting the variety and variety crosses to 
the following respective linear models : 
Yii - Pv + v^, 
and 
Yij = Mc + Si + gj + , 
where : 
= the mean of all varieties ; 
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= the variety effect when parent varieties are included in the 
analysis; 
= the mean of all crosses; 
g^igj •= the general combining ability (GCA) effects; and 
= the specific combining ability (SCA) effects. 
Years and locations were considered as a random sample of 
environments, and the G x E or the pooled error mean squares were used 
for the test of significance. The variance of the estimated parameters 
-1 9 9 
was calculated as V(0)=(X'X)" a /re, where a is the pooled error or 
GxE mean squares, and re represents the number of observations in the 
mean of an entry. Means squares for testcrosses were partitioned to 
allow comparisons among testers, and among and within populations. 
Results and Discussion 
Significant differences among entries were detected for all the 
traits, and the entry by environment (GxE) interaction was significant 
for grain yield, ear height, root lodging and stalk lodging. Table 1 
presents the combined analysis of variance with the emphasis put on 
partitioning the mean squares related to the changes in combining 
ability with cycles of selection. The mean squares for the diallel 
among populations were partitioned according to Analysis II and III of 
Gardner and Eberhart (1966), with some of the sources being non-
orthogonal . 
Sources of variation for population effects and GCA were significant 
for all the traits except dropped ears. Average heterosis was 
Table 1. Combined analysis of variance for the seven traits evaluated 
in eight environments 
Source d.f. 
Grain yield Grain 
moisture 
Root 
lodeine 
Environments (E) 7 117,038 .88** 2,393 .53** 3,744 .32** 
Reps/E 16 589 .32* 11 . 20** 203 .88** 
Entries (G) 109 4,924 .98** 15 .91** 333 .53** 
Populations and 
population crosses x 14 120 .98 14 .78** 174 .95** 
Population diallel 44 451 .24** 14 .48** 271 .55** 
Populations 8 632 .81** 26 .53** 594 .05** 
GCA° 8 687 .52** 41 .15** 743 . 09** 
Heterosis 36 304 .06** 3 .61** 41 .06 
Average heterosis 1 3,826, ,18** 0 .03 43 .20 
Popn. heterosis 8 206, ,81 4 .27* 28 .41 
SCA^ 27 202, .43 3. 55** 44, .73 
Check popn. crosses 1 4,062. .72 1, ,92 376, .32* 
Testcrosses 35 824, , 48** 11. 77** 514, ,80** 
Testers (T) 3 6,837. 36** 16. 98** 3,588, , 88** 
Populations (P) 8 633. 18** 34. ,14** 567, 32** 
BS16 2 27. 44 70. 58** 631. , 44** 
BS2 2 1,088. 54** 17. 34** 781. ,82** 
BSTL 2 567. 14* 11. 18* 255. 44* 
Among populations 2 849. 61** 37. 46** 600. 58** 
T X P 24 136. 64 3. 66* 113. 04** 
Check testcrosses 5 1,902. 62** 43. 53** 195. 04** 
Check hybrids 5 1,193. 93** 19. 27** 257. 35** 
Among groups 5 93,374. 45** 32. 03** 260. 20** 
G X E 763 147. 97** 2. 43 59. 97** 
Pooled error 1744 82. 92 2. 09 41. 39 
General mean 
Coefficient of variation 
55.2 
16.5% 
q/ha 18 
a 
1.2% 
1.0% 
5. 
113. 
7% 
5% 
^Flowering date and ear height were recorded in four environments. 
General combining ability. 
^Specific combining ability. 
*,** Significant at P=0.05 and 0.01, respectively. 
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Stalk Dropped Flowering Ear 
lodeinE ears d.f.a date height 
21,434.15** 202.81** 3 11,880.46** 14,298.75** 
191.98* 3.05 8 1.09 301.65** 
408.43** 2.60 109 42.00** 1,330.42** 
323.71** 1.78 14 27.44** 486.50** 
198.74** 2.56 44 19.10** 627.71** 
326.71** 1.53 8 32.91** 1,257.70** 
496.28** 2.24 8 59.44** 1,943.98** 
69.34 2.30 36 3.36 69.14 
187.50 2.03 1 24.07* 90.77 
41.92 1.55 8 2.46 60.45 
73.09 2.53 27 2.86 70.92 
908.28** 3.00 1 7.26 17.34 
110.09 3.35* 35 50.57** 1,866.48** 
553.25** 12.62** 3 411.58** 18,973.19** 
88.83 3.42 8 54.98** 906.66** 
134.96 0.74 2 169.03** 1,044.76** 
40.14 1.34 2 3.25 863.31** 
77.94 6.86* 2 28.57** 333.16** 
102.28 4.74 2 19.07* 1,385.42** 
61.78 2.17 24 3.97 48.08 
198.11** 2.40 5 4.39 577.47** 
109.60 0.84 5 59.62** 1,475.60** 
4,988.48** 1.88 5 7.26 17.34 
87.68** 2.50 327 6.97 66.14** 
54.38 2.19 872 6.03 40.64 
14.1% 0.8% 71.8 days 112.9 cm 
52.3% 185.2% 3.4% 5.6% 
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significant for grain yield and flowering date, while grain moisture was 
the only trait for which population heterosis and SCA mean squares were 
significant. The predominance of GCA effects suggest that the variation 
among crosses was mainly due to additive rather than nonadditive 
effects. Differences among cycles within populations can be attributed 
to changes in the frequency of alleles with additive effects due to 
selection. 
The mean squares for the testcrosses with four elite inbred testers 
was partitioned as a factorial experiment with the factors being testers 
and populations, with a further subdivision within populations. The 
means for testers were based upon 216 observations and those for 
populations on 96 observations, which resulted in significant 
differences among testers or populations even if no significance was 
detected among testcrosses for that trait (i.e., stalk lodging). 
Differences among testers were always significant (P<0.01), and, except 
for stalk lodging and dropped ears, differences among populations were 
significant. Most of those differences were not only the result of 
population divergence, but the consequence of indirect changes in 
combining ability produced by S2 recurrent selection. 
Grain yield. The population effect (v^) tended to be the lowest for 
the original populations, significantly increased in the intermediate 
cycle, and decreased during the latest cycles of selection (Table 2). 
Changes in the population effect were the same as considering the 
changes in the population means due to selection. In a previous report 
(Iglesias, 1989), it was concluded that S2 recurrent selection was 
Table 2. General combining ability (GCA) and population effects (v^) estimated from a diallel 
involving nine populations, evaluated across eight envrionments 
Trait Parameter CO 
BS16 
C2 C4 
BS2 
CO C3 C5 CO 
BSTL 
C3 C5 
Grain 
yield 
GCA 
^i 
0.36 1.49 -0.80 -2.94** -1.24 3.43** -2.34** 
-0.48 6.32** -2.68 -7.48** 3.92 1.52 -7.98** 
0.63 1.39 
4.62* 2.22 
% Grain GCA 
moisture v-^ 
0.68** -0.53** -0.76** -0.15 -0.35 0.42** 0.54** 0.14 0.01 
1.74** -0.66* -1.76** -0.56* -0.06 -0.26 1.24** 0.54 -0.26 
Flower. GCA 
date v^ 
1.28** 
2.74** 
-0.99** 
-2.06** 
-1.39** 
-2.26** 
0.08 
-0 .66 
-0.12 
0.54 
-0 .06  
-0 .86  
0.98** 
1.84** 
0.32 
0.34 
-0.12 
0.34 
Ear GCA 
height v^ 
7.06** -5.23** -8.12** 4.60** 
19.31** -10.49** -12.49** 7.91** 
2.23** -3.00** 2.36* 0.91 -0.80 
5.31** -9.29** 3.21 0.01 -3.49 
Root GCA 
lodging V. 
1.67** 1.42* -0.77 4.30** -1.11* -1.08 -0.42 -1.35* -2.65** 
2.88 2.18 -3.72* 11.18** -1.72 -3.22* 0.28 -2.92 4.92* 
Stalk 
lodging 
GCA 
^i 
-0.30 
3.16 
-1.90** 
-4.94** 
-0.25 
-1.64 
1. 
3. 
82** 
66* 
2.98** 
4.46* 
1.35* 
3.16 
-1.84** 
-2.94 
-0.36 
-0.44 
-1.50* 
-4.44* 
Dropped 
ears 
GCA 
^i 
0.01 -0.10 -0.17 0.00 -0.03 -0.09 0.15 0.17 0.07 
-0.44 0.06 -0.24 -0.44 0.06 -0.24 0.76* 0.26 -0.34 
*,** Significantly different from 0 at P=0.05 and 0.01, respectively. 
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effective in improving the population mean during the initial cycles of 
selection. The estimated changes in GCA effects were related to changes 
in population effects; the largest GCA corresponding to those 
populations cycles with the best performance. These results support the 
previous conclusion based on genetic distances; the restricted changes 
produced by selection were based on additive-associated effects. 
Means of the population crosses ranged from 47.1 to 60.9 q/ha (Table 
3). The average mid-parental heterosis in crosses among populations was 
the lowest (8.02%) for BS2 and BS16, which shared the common ETC 
germplasm. BSTL had a different source of exotic germplasm and even 
though the adapted germplasm was chosen within the same heterotic group 
as for BS2, the genetic materials were different. The genetic 
divergence of BSTL with respect to the other two populations is 
reflected in higher average mid-parental heterosis values when crossed 
to BS16 and BS2 (12.29% and 14.52%, respectively). Those tendencies 
were not confirmed when the Gardner and Eberhart's models were applied. 
No significant differences in SGA and heterosis effect contributed by 
each population were detected. The parameters h^j, which represents 
the heterosis expressed in the cross of populations i and j, is a 
function of the difference in gene frequencies between populations and 
dominance. According to Gardner and Eberhart (1966), hj^j parameter can 
be estimated as the summation of the average heterosis in the diallel; 
the average heterosis contributed by each population and the SCA for the 
particular cross. The estimated heterosis among populations was 
different from zero due to a significant average heterosis effect in the 
Table 3. Average grain yield (q/ha) for the populations (diagonal) and their crosses (above 
diagonal), and mid-parental heterosis (%) for the population crosses (below diagonal) 
BS16C0 BS16C2 BS16C4 BS2C0 BS2C3 BS2C5 BSTLCO BSTLC3 BSTLC5 
BS16C0 47. 1 57. 2 51. 8 47. 1 50. 5 54. 0 52. 3 54. 9 53. 0 
BS16C2 13. 27 53. 9 49. 0 49. 5 53. ,0 57. 2 51. 5 57. 6 53. 7 
BS16C4 12. 60 -0. 01 44. ,9 47. ,3 48. ,7 56. 5 54. ,2 53. 4 51. 8 
BS2C0 8. 03 5. ,32 11, .29 40. 1 47. 7 52. ,5 47. ,3 50. 6 55. 7 
BS2C3 2. 85 0. 06 1. 04 4, .15 51, .5 51. 4 51, .5 50, .9 56, .3 
BS2C5 12. 27 11. 07 20. 21 17 .94 2 .19 49. 1 51, .1 58, .7 60 .9 
BSTLCO 20. 64 10, .16 28, .28 18 .69 13 .06 15, .22 39 .6 47 .2 47 .2 
BSTLC3 10 .57 8. 58 9 .99 9 .64 -0 .02 15, 
00 
2 .83 52 .2 49 .4 
BSTLC5 9 .39 3 .57 9 .40 23 .92 11 .15 23 .15 5 .59 -3 .14 49 .8 
LSD (0.05): 6.99 q/ha 
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diallel, but no differences due to particular population contributions 
are expected. The populations are not genetically divergent to be 
classified in different heterotic gene pools. 
The populations expressed a low yield performance in testcrosses 
with elite inbred lines from the Lancaster Sure Crop group (Mol7 and 
Oh43) (Table 4). That supports previous conclusions about the three 
populations belonging to the same heterotic group as Lancaster Sure Crop 
Composite (Iglesias, 1987). There was a significant difference between 
the two BSSS type testers, testcrosses with B73 had a superior yield 
performance compared to testcrosses with B84. 
BSTL population showed a significantly higher average performance in 
testcrosses (56,54 q/ha) compared to BS16 and BS2 (63.13 and 63.32 q/ha, 
respectively). This confirmed the previously observed tendency for a 
higher average heterosis expressed in crosses involving BSTL. The 
population seems to have a higher frequency of complementary alleles to 
the testers and populations involved in the study. 
Changes in testcross performance with cycles of S2 recurrent 
selection were significant for BS2 and BSTL populations (Table 1), which 
represent the populations that showed a significant response to 
selection up to the intermediate cycles. Testcrosses with BS16 did not 
reflected the trends observed in the direct response to selection 
(Iglesias, 1989). No significant tester x population interaction was 
observed, but the differences among cycles of selection within a 
population were best detected with different testers; B84 and Oh43 for 
BS2, and B84 and Mol7 for BSTL (Table 4). No improvement was observed 
Table 4. Average performance for seven traits in testcrossed 
populations and check hybrids 
Grain % Grain Flowering 
Testcross yield fg/ha') moisture date (days) 
or hybrid 
Cvcle^ 0 I A 0 I A 0 I A 
BS16 X B73 67.9 72 .7 68 .0 18 .8 17 .6 17 .9 75 .2 70 .9 72 .3 
BS2 X B73 69.9 68 .7 73 .8 17 .5 18 .3 18 .1 71 .9 72 .7 72 .3 
BSTL X B73 75.0 73 .8 72 .6 19 ,9 18.2 19 .1 73 .8 72.4 72 .7 
Tester average 71 .4 18 .4 72 .7 
BSll X B73 66.8 79 .3 80 .6 19 .7 19 .2 19 .9 74 .9 74 .0 74 .2 
BS16 X B84 64.8 65 .7 64 .6 19 .7 18 .0 17, .8 74 .8 72 .1 72 ,1 
BS2 X B84 59.2 69 .2 72, .7 18 .2 17, .9 18, ,9 73.0 72, .8 72, .4 
BSTL X B84 66.9 67 .4 74, .2 19 .1 18 .6 18 ,8 74 .2 72 .4 72, .4 
Tester average 67, ,2 18, ,6 72, ,9 
BS16 X Mol7 62.6 58, ,1 62, ,0 18 .5 17, .6 16, ,5 74, .5 70, ,5 70, ,7 
BS2 X Mol7 59.3 60, ,2 62. ,4 17 .3 17, ,9 18. 0 71, ,8 72, .6 72, ,0 
BSTL X Mol7 57.2 63, ,5 66, 4 18, .7 18. 1 18. 5 73, ,7 72, 9 72, ,7 
Tester average 61. 3 17. 9 72. 4 
BSIO X Mol7 57.0 65. 0 71. 0 17, ,2 17. ,7 16. 8 73, ,3 73. 8 73. 3 
BS16 X Oh43 57.7 57. 9 55. 6 19. 6 17. 9 18. 1 71. 1 69. 2 67.4 
BS2 X Oh43 55.6 60. 6 62. 0 17. 4 18. 0 18. 8 67. 4 68.0 68. 9 
BSTL X Oh43 58.1 60. 1 63. 3 18. 6 18. 7 18. 2 69. 8 69. 1 68. 2 
Tester average 60. 0 18. 4 68. 8 
B73 X Mol7 84.6 18. 5 74.4 
B73 X Oh43 80.5 19. 6 71. 1 
B84 X Mol7 83.4 18. 6 74. 3 
B84 X Oh43 77.7 19. 9 72. 0 
S.E. testcross x 2.48 0. 30 0. 71 
S.E. tester x 0.83 0. 10 0. 24 
^0, I, and A indicate the original population, intermediate cycle 
of selection, and most advanced cycle of selection, respectively. 
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Ear Root Stalk Dropped 
height (cm) lodging lodging ears (%) 
0 I A 0 I A 0 I A 0 I A 
130, ,4 121.7 114, ,7 9, .0 8, ,7 4.2 11, .5 8.9 13.7 0, ,3 0.7 0, ,4 
125, ,6 122.1 115, ,6 8, ,0 3, ,6 5.0 12, ,9 11.3 10.7 0, ,3 0.4 0, ,9 
125, 2 124.6 116. 9 5, 2 3, ,4 2.1 11. ,2 11.9 10.4 1. ,0 0.8 0, 7 
121.9 5, ,5 11.4 0.6 
126, ,4 124.9 130. ,4 6, ,2 6, ,2 6.4 15, ,1 8.6 7.9 1. ,0 1.1 0. ,3 
129, ,7 122, ,7 119, ,5 15, ,8 16, ,9 8, ,6 10, ,3 11.2 13.1 0. 8 1, .2 0, ,8 
130, ,6 126, ,1 121, .2 21, .0 10, ,7 7, ,6 9, ,5 10.8 12.2 1. ,6 0, ,6 0, ,7 
130, ,3 125, .5 123, ,4 12, ,2 6, ,8 5, ,4 11, ,7 12.1 11.9 1. ,9 0, ,7 1, ,0 
125, ,4 11. ,7 11.4 1, ,0 
117.8 107 .8 107, ,3 3, .3 3.7 1.6 9 .7 7 .1 10, .2 1, .3 0.9 1, ,1 
118.9 118, ,7 112, ,7 5, ,9 2.7 1.2 10, .3 14, .1 12. ,1 1, .1 0.9 0, .8 
115.7 118, .6 113, ,6 3, ,2 1.7 0.4 8, .7 10 ,0 10, .0 1, ,3 1.4 1, ,0 
114, .6 2.6 10, ,2 1.1 
114.7 120, ,8 112, ,6 1, ,2 0.9 1.1 12, ,4 13, ,5 9. ,9 0, ,5 0.8 0, ,5 
102.0 90. ,7 87. ,3 4. ,3 4.9 1.2 12, ,6 13, ,1 12. ,7 0. ,9 0.2 0, ,3 
100.5 96. ,6 92. 6 3. 9 3.7 3.9 16. ,2 16. ,0 12. 1 0. ,8 1.0 0, ,7 
97.5 98. 4 95. 8 3. 2 3.3 3.1 15. ,7 16. 6 11. 1 1. 0 0.4 0. ,7 
95, ,7 3.5 14. ,0 0.7 
118.6 
105.4 
120.9 
112.5 
2 . 6  
1.4 
3.5 
7.1 
2.4 
6.6 
4.8 
8.4 
0.4 
0.5 
0.9 
0 . 6  
2.35 
0.78 
1.58 
0.53 
1.91 
0.64 
0.30 
0 .10  
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in testcrosses with B73. 
The populations used as checks (BSIO and BSll) are classified into 
different heterotic groups. The response to reciprocal recurrent 
selection in BSll, reflected in the testcross performance with B73, 
appeared to cease somewhere between the intermediate (fourth) and the 
advanced cycle (eight). On the other hand, testcrosses of BSIO 
population with Mol7 showed a significant indirect response maintained 
in the advanced cycles of selection (Table 4). BSll presented a much 
higher potential in testcrosses than BSIO, it will require another six 
to eight cycles of selection at the same rate of response for BSIO to 
reach the same potential of BSll advanced cycles. 
Testcross population performance represents the mean performance of 
a set of potential hybrids involving the tester and lines derived from 
the population. Selection during the process of selfing and final 
testcross evaluation of the derived lines will eventually result in a 
set of elite hybrids being isolated (Hallauer and Miranda, 1981). 
Comparing testcrosses with the elite check hybrids included in this 
study, BS11(R)C8 x B73 mean performance did not differ significantly 
from the highest yielding hybrid. Testcrosses involving populations 
with exotic germplasm presented a nonsignificant difference with the 
hybrids B84 x Oh43 for advanced cycles of BS2 and BSTL, and with B73 x 
Oh43 for advanced cycle of BS2. A better inbred line than Oh43 can be 
selected out of those populations, in terms of combining ability with 
elite BSSS lines. 
Agronomic traits. Negative GCA effects for flowering date and ear 
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height represent early-maturing and shorter progenies resulting from 
crosses involving such populations. A significant reduction in GCA for 
both traits was observed for BS16 population (Table 2), reflecting the 
significant direct change observed in the population with cycles of 
selection (Iglesias, 1989). The same relation can be observed with 
respect to ear height in BS2 population. Significant GCA for BSTL 
population did not correspond with the lack of response to selection 
observed in the population for those two traits. 
The changes in GCA effects were correlated with the average changes 
in population testcross performance. Important differences among 
testers were detected (Table 4). Testers of the Lancaster Sure Crop 
group produced the earliest and shortest testcross progenies, 
particularly Oh43. Testers with the latest flowering date and tallest 
progenies (B73 and B84) were the ones allowing the best discrimination 
among testcrosses involving different cycles of selection. 
No significant tester x population interaction was detected for 
flowering date and ear height, and most of the differences among 
populations can be attributed to the lateness of BS16 and BSTL original 
populations, and the tallness of BS16C0 compared to testcrosses 
involving advanced cycles. 
No changes were observed in flowering date with cycles of reciprocal 
recurrent selection for testcrosses involving the check populations. 
With respect to ear height the tendency was to increase in advanced 
cycles of selection for BSll testcrosses, and to increase in the 
intermediate cycle and then to decrease for BSIO testcrosses. 
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Moisture percentage was the only trait for which population 
heterosis and SCA effects were significant. Differences among 
population crosses are expected to be significant due to variation in 
those two parameters. GCA effects for grain moisture are closely 
related to GCA effects for flowering date (Table 2), suggesting that the 
low grain moisture in advanced cycles of selection for BS16 and BSTL 
populations was a consequence of earlier flowering date with no changes 
in the length for the grain-filling period. 
Indirect effects of selection upon testcross grain moisture were 
significant for all the populations. BS16 and BSTL transmitted lower 
grain moisture to their testcross progenies in advanced cycles. 
Testcrosses involving BS2 tended to have higher grain moisture in 
advanced cycles of selection. Population testcrosses compared 
favourably with hybrid checks in terms of grain moisture. Testcrosses 
of the check populations showed a significant difference between 
populations but not within them. On the average, testcrosses of BSll 
presented the highest grain moisture values. 
Progeny standability, including root and stalk lodging, and dropped 
ears, was a component trait of the selection index applied for S2 family 
selection. All the populations showed a significant improvement in root 
lodging resistance, which was reflected in a decrease in the term for 
population effect. Associated with the population effects there were 
changes in GCA effects. The most noteworthy improvement was observed in 
the initial cycles for BS2 populations. Changes in GCA for root lodging 
were correlated with changes in GCA for ear height in BSTL, reflecting 
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the lowering of the center of gravity for those populations. In the 
other populations, changes in both traits were not highly associated, 
and increasing root lodging resistance could have been the result of 
improved root characteristics and/or stalk strength rather than lower 
center of gravity. Population testcross performance was related to the 
changes in GCA effects for root lodging. The poorest tester was B84, 
and it was the one that allowed the best discrimination among and within 
population groups. This supports the hypothesis that the tester having 
the lower frequency of favorable alleles for a trait is the one that 
will allow the best discrimination among testcross progenies (Rawlings 
and Thompson, 1962). Low values for root lodging were observed in check 
population testcrosses with no particular trend related to cycles of 
selection. Except for the testcrosses with B84, the other advanced 
cycle population testcrosses compared well with root lodging scores 
obtained for the elite check hybrids (Table 4). 
The significant improvement in the population effect for stalk 
lodging associated with cycles of selection in BS16 was not reflected in 
a trend for decreasing GCA effects. The principal differences with 
respect to stalk lodging were expressed among populations, with BS2 
presenting the highest values for the trait and the GCA effects. Even 
though significant differences among testcrosses were not detected, the 
higher level of precision with which tester effects were evaluated, 
resulted in significant tester effects. Testcrosses with Oh43 had, on 
the average, 3% more lodged plants than the other testcrosses. Stalk 
lodging was one of the few agronomic traits for which the populations 
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involving exotic germplasra did not compare favorably with the elite 
check hybrids. Lack of response in this trait can be a consequence of 
limited genetic variability in the populations. 
The percentage of plants with dropped ears was always small (<2%), 
and significant differences were not detected, although the F test came 
quite close to be significant at the 5% level. No differences were 
detected among population crosses in the diallel but there were 
significant differences at the 5% level among testcrosses. The average 
proportion of dropped ears for testcrosses involving B84 and Oh43 was 
higher than the observed value for the other two testers. On average, 
BSTL showed a significant reduction in dropped ears when comparing 
testcrosses involving the original population with those for the 
intermediate and advanced cycles, which reflects the observed rerspose 
to selection. The best discrimination for the trait was provided by one 
of the low performance testers (B84) for the trait. 
Conclusions 
The indirect effects of S2 recurrent selection on populations 
involving exotic germplasm were studied using a diallel set of crosses 
among the populations and the population testcrosses with four elite 
inbred testers. Mean squares for the diallel were partitioned according 
to Analysis II and II of Gardner and Eberhart (1966). Changes in GCA 
were associated with the observed response to selection in the 
populations, supporting the conclusion that differences among cycles of 
selection could be attributed to shifts in the frequency of alleles with 
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additive effects. Except for grain moisture, no significant SCA effects 
were detected. Average midparent heterosis for grain yield in crosses 
among the three populations tended to be associated to their genetic 
divergence, but the differences were not large enough to classify the 
populations in different heterotic groups. 
Testcross performance was related to the GCA effects for most of the 
traits. Testcrosses with BSSS type of tester produced the best 
progenies in terms of grain yield, confirming previous reports about the 
populations belonging to the Lancaster Sure Crop heterotic group. Low 
performing testers, supposedly with lower frequency of favorable alleles 
at important loci, were the more effective in discriminating changes in 
combining ability produced by selection. Testcrosses of check 
populations under reciprocal recurrent selection compared more favorably 
with elite check hybrids than populations involving exotic germplasm. 
However, advanced cycles of S2 recurrent selection can result in derived 
lines as good as Oh43 with respect to combining ability for grain 
yield. For the rest of the agronomic traits except for stalk lodging, 
the testcross populations were similar to the check hybrids. 
S2 recurrent selection resulted in an important indirect response in 
terms of combining ability with elite testers, in spite of the limited 
direct response observed in previous studies. If the causes restricting 
the response to selection can be overcome, the method can provide the 
means to improve the performance of lines and future hybrids derived 
from advanced cycles of populations under S2 recurrent selection. 
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GENERAL DISCUSSION AND CONCLUSIONS 
S2 recurrent selection was used to improve three populations with 
different proportions of exotic germplasra, A significant increase in 
grain yield was observed in the populations up to the intermediate 
cycle, at an average rate of 3.4, 3.8, and 4.2 q/ha/cycle for BS16, BS2, 
and BSTL, respectively. BS16 significantly decreased after the 
intermediate cycle at a rate of 4.5q/ha/cycle, while BS2 and BSTL did 
not respond to further selection. No significant improvement was 
observed in the selfed populations, which more directly reflects the 
response to S2 recurrent selection and its effects on the reduction of 
recessive deleterious alleles. Estimated genetic parameters, when 
applying Smith's model failed to detect a significant change in the 
frequency of favorable alleles with cycles of selection. A significant 
effect due to genetic drift was observed in BS16 population, explaining 
the reduction in grain yield that occurred in the later cycles. The 
parameter HII', is an estimate of heterosis in population crosses; HII' 
showed a significant change for the cross BS16 x BSTL, indicating a 
tendency for greater divergence between those populations in advanced 
cycles of selection. Additive associated distances estimated from the 
model proposed by Hanson (1983) correlated with the observed response to 
selection, indicating that the response was based on changes in the 
frequency of alleles with additive effects. 
For the other six agronomic traits, the BS16 population showed a 
significant favorable change for all of them except dropped ears. 
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Selection resulted in a reduction in ear height and root lodging for 
BS2, and a reduction in grain moisture %, root lodging and dropped ears 
in BSTL. Estimated parameters from both applied genetic models, 
indicated that the observed changes were supported by changes in the 
frequency of alleles with additive effects. 
The estimated changes in GGA effects for grain yield were highly 
related to the observed changes in population effects, the largest GCA 
corresponding to those population cycles with the best performance. SGA 
and population heterosis effects were not important in determining 
differences among population crosses. Average midparent heterosis in 
crosses among the three populations tended to be associated with their 
genetic divergence. Differences in heterosis were not large enough to 
allow the classification of the populations in different heterotic 
groups. The high yield performance of testcrosses with elite inbred 
lines from the BSSS group suggest the populations can be grouped with 
Lancaster Sure Grop with respect to heterotic response. Except for 
BS16, the changes in testcross yield performance with cycles of S2 
recurrent selection were related to the observed direct response to 
selection. Testcrosses involving advanced cycles of selection for BS2 
did not differ significantly from the check hybrids, B73 x Oh43 and B84 
X Oh43, indicating that a line as good as Oh43 can be selected from that 
population. Testcross performance for the other agronomic traits also 
was correlated with the direct response to selection and the estimated 
changes in GCA. The indirect changes in testcross performance for 
agronomic traits with cycles of selection were best detected when using 
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a low performing tester for the trait being evaluated. Except for stalk 
lodging, the population testcrosses compared well with the elite check 
hybrids. 
S2 recurrent selection resulted in a limited direct response to 
selection which was reflected in changes in GGA and testcross 
performance. The method can provide the means to improve the 
performance of lines and hybrids developed from populations with a 
limited number of cycles of S2 recurrent selection. 
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APPENDIX. ENTRY MEANS FOR EACH ENVIRONMENT 
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AGRONOMY RESEARCH CENTER 1987 ROOT 
ENTRY YIELD STAND MOIST LODGED 
PEDIGREE (Q/HA) (X1000) (%) (%) 
BS2(S2)C0 1 61.5 60.6 22 .0 25.4 
BS2(S2)C3 2 80.6 59.0 21, 6 12.8 
BS2(S2)C5 3 78.4 61.0 21, .2 13.4 
BSTL(S2)C0 4 72.5 57.4 23, .1 10.4 
BSTL(S2)C3 5 72.1 60.2 24. ,1 7.9 
BSTL(S2)C5 6 74.5 58.6 21.6 8.1 
BS16(S2)C0 7 58.6 54.2 22.7 14.6 
BS16(S2)C2 8 76.1 58.2 21.5 12.5 
BS16(S2)C4 9 68.2 57.4 18.9 6.6 
BS2(S2)C0 Self 10 37.0 54.2 20.0 15.2 
BS2(S2)C3 Self 11 45.2 61.4 22.1 11.4 
BS2{S2)C5 Self 12 52.3 58.6 20.8 8.7 
BSTL(S2)C0 Self 13 36.4 57.4 22.2 12.2 
BSTL(S2)C3 Self 14 44.8 57.8 23.0 4.9 
BSTL(S2)C5 Self 15 47.6 57.4 22.5 3.3 
BS16(S2)C0 Self 16 37.1 57.4 25.4 9.7 
BS16(S2)C2 Self 17 47.5 57.0 20.3 5.5 
BS16(S2)C4 Self 18 46.0 56.6 20.6 9.6 
BS2(S2)C0 X BS2(S2)C3 19 77.7 59.0 22.6 9.8 
BS2(S2)C0 X BS2(S2)C5 20 69.9 59.0 22.0 8.3 
BS2(S2)C0 X BSTL(S2)C0 
BS2(S2)C0 X BSTL(S2)C3 
BS2(S2)C0 X BSTL(S2)C5 
BS2(S2)C0 X BS16(S2)C0 
BS2(S2)C0 X BS16(S2)C2 
21 70.6 56.2 23.5 17.7 
22 72.5 60.6 22.1 12.5 
23 79.5 59.0 22.0 9.9 
24 76.9 62.2 23.0 4.9 
25 72.2 60.6 21.3 11.4 
BS2(S2)C0 X BS16(S2)C4 26 67.5 60.6 20. 3 8.4 
BS2(S2)C3 X BS2(S2)C5 27 75.1 61.0 22. 1 7.6 
BS2(S2)C3 X BSTL(S2)C0 28 73.7 58.2 23. 0 17.1 
BS2(S2)C3 X BSTL(S2)C3 29 68.8 61.0 21. 5 10.2 
BS2(S2)C3 X BSTL(S2)C5 30 74,7 58.6 22. 1 10.3 
BS2(S2)C3 X BS16(S2)C0 31 75.5 57.4 22.6 10.7 
BS2(S2)C3 X BS16(S2)C2 32 72.5 60.2 20.6 16.0 
BS2(S2)C3 X BS16(S2)C4 33 78.2 58.2 21.0 4.7 
BS2(S2)C5 X BSTL(S2)C0 34 74.6 59.0 23.9 6.5 
BS2(S2)C5 X BSTL(S2)C3 35 95.4 58.2 23.6 9.9 
BS2(S2)C5 X BSTL(S2)C5 36 96.2 61.0 21.2 9.3 
BS2(S2)C5 X BS16(S2)C0 37 79.7 59.0 22.9 10.6 
BS2(S2)C5 X BS16(S2)C2 38 86.5 60.2 21.1 10.8 
BS2(S2)C5 X BS16(S2)C4 39 82.3 60.6 20.3 12.2 
BSTL(S2)C0 X BSTL(S2)C3 40 78.6 59.0 22.1 13.9 
STALK DROP FLOWER. EAR 
LODGED EARS DATE HEIGHT 
(%) (%) (DAYS) (CM) 
11.8 1.4 68.7 121.6 
7.0 1.4 69.3 120.2 
1.3 0.0 68.7 102.5 
8.3 2.3 69.7 117.5 
8.0 1.3 70.1 119.0 
2.0 1.4 69.4 113.4 
10.6 3.1 71.9 145.1 
6.8 0.1 68.7 100.2 
5.7 0.0 69.0 99.5 
12.4 1.5 69.3 110.0 
5.8 0.7 71.4 104.9 
9.0 2.0 69.3 100.1 
14.4 0.8 73.7 103.0 
8.9 1.3 72.7 103.8 
0.7 0.0 69.7 90.2 
8.3 1.4 72.3 115.5 
11.2 1.5 69.6 95.2 
2.1 1.4 67.7 82.2 
11.8 1.3 69.0 130.6 
8.5 0.6 68.6 113.3 
12.7 0.8 69.0 132.4 
3.2 0.7 68.7 115.1 
5.4 1.4 69.4 119.3 
11.5 2.0 69.5 128.1 
14.4 0.6 67.4 114.4 
4.6 1.1 68.0 114.3 
4.0 0.7 68.3 110.2 
6.1 2.2 69.4 125.3 
7.8 1.3 68.4 129.7 
7.6 0.7 68.2 120.8 
14.7 0.6 70.6 135.1 
7.9 0.7 68.5 113.0 
2.7 2.1 67.7 109.1 
6.8 1.3 70.7 116.5 
3.5 2.0 68.9 116.0 
7.2 2.6 68.2 114.0 
3.3 1.2 69.8 119.3 
4.7 1.3 67.6 104.5 
3.9 1.2 68.7 103.5 
7.6 1.3 70.7 115.6 
AGRONOMY RESEARCH CENTER 1987 ROOT STALK DROP FLOWER. EAR 
YIELD STAND MOIST LODGED LODGED EARS DATE HEIGHT 
PEDIGREE ENTRY (Q/HA) (X1000) (%) (%) (%) (%) (DAYS) (CM) 
BSTL(S2)C0 X BSTL(S2)C5 41 74.9 59.8 21.7 11.3 4,8 2,7 68.8 114.2 
BSTL(S2)C0 X BS16(S2)C0 42 78.0 60.2 23.1 16,5 7.9 0,6 70.3 124.8 
BSTL(S2)C0 X BS16<S2)C2 43 79.3 57.4 21.8 11.5 7.7 2,1 68.7 116.2 
BSTL(S2)C0 X BS16(S2)C4 44 76.6 58.6 20,9 9.9 4.8 1.4 69.1 114.3 
BSTL(S2)C3 X BSTL(S2)C5 45 70.2 59.8 23,0 7.6 3.3 0.7 70.0 118.2 
BSTL(S2)C3 X BS16(S2)C0 46 78.1 57.0 23.6 13.4 5.6 1.4 70.7 129.5 
BSTL(S2)C3 X BS16(S2)C2 47 70.7 60.2 21,3 11.8 11.8 0.6 70.0 115.5 
BSTL(S2)C3 X BS16(S2)C4 48 78.0 60.6 20,6 6.7 1.3 0.8 68.1 104.3 
BSTL(S2)C5 X BS16(S2)C0 49 72.6 59.4 24,1 5.5 4,9 0.8 69.2 128.4 
BSTL(S2)C5 X BS16(S2)C2 50 82.6 60.2 21.8 8.0 7.1 0.7 68.7 109.2 
BSTL(S2)C5 X BS16(S2)C4 51 75.0 57.4 21.3 7.9 3.4 1.5 68.0 109.8 
BS16(S2)C0 X BS16(S2)C2 52 70.7 61.4 22.1 6.0 10.9 0.0 69.3 118.5 
BS16(S2)C0 X BS16(S2)C4 53 79.7 59.4 21.7 4.8 10.1 0.6 68.6 110.8 
BS16(S2)C2 X BS16(S2)C4 54 66.8 58.6 19.6 5.8 4.1 1.9 67.8 96.3 
BS2(S2)C0 X BS2(S2)C3 Self 55 41.4 55.8 20.8 9.1 11.6 2.0 70.0 110.8 
BS2(S2)C0 X BS2(S2)C5 Self 56 48.8 57.4 21.2 5.2 18.5 2.6 69.7 96.0 
BSTL(S2)C0 X BSTL(S2)C3 Self 57 53.8 55.0 21.8 9.6 10.1 0.8 72.3 107.2 
BSTL<S2)C0 X BSTL(S2)C5 Self 58 42.7 61.4 22.2 7.0 7.1 1.9 73.3 110.3 
BS16(S2)C0 X BS16(S2)C2 Self 59 41.9 58.6 22.7 9.3 5.4 0.7 70.9 119.4 
BS16(S2)C0 X BS16(S2)C4 Self 60 44.0 55.4 20.7 8.1 8.9 0.1 70.3 92.5 
BS2(S2)C0 X B73 61 111.1 60.6 21.9 5.3 2.6 0.0 69.8 126,4 
BS2(S2)C3 X B73 62 99.8 60.6 22.2 5.0 3.3 0,7 71.0 128.4 
BS2(S2)C5 X B73 63 103.7 61.4 21.4 4.4 5.8 0.6 69.6 113.7 
BSTL(S2)C0 X B73 64 107.8 59.8 24.4 6.7 6.1 0.0 73.1 133.3 
BSTL(S2)C3 X B73 65 99.8 60.6 21.5 4.3 5.2 2.0 71.3 130.7 
BSTL(S2)C5 X B73 66 108.0 61.4 22.9 5.3 2.6 1.2 71.0 121.4 
BS16(S2)C0 X B73 67 98.5 59.4 24.1 9.8 6.7 0.0 73.7 139.4 
BS16(S2)C2 X B73 68 102.3 61.0 21.3 7.3 2.6 0.2 69.0 121.8 
BS16(S2)C4 X B73 69 95.5 59.4 20.1 4.7 3.3 0.6 71.4 119.7 
BS2(S2)C0 X B84 70 84.3 58.6 22.8 4.8 26.3 0.0 70.5 136.7 
BS2(S2)C3 X B84 71 85.7 53.0 22.9 16.3 10.1 1.2 70.0 129.2 
BS2(S2)C5 X B84 72 101.2 58.2 24.5 7.6 8.8 0.6 69.9 120.0 
BSTL(S2)C0 X B84 73 96.5 61.0 23.3 9.2 13.7 1.3 71.4 138.7 
BSTL(S2)C3 X B84 74 88.6 61.4 22.6 11.3 5.9 1.3 70.3 132.5 
BSTL(S2>C5 X B84 75 98.3 60.2 24.1 15.2 4.6 0.7 70.6 132.8 
BS16(S2)C0 X 884 76 105.9 59.4 23.6 4,0 16.0 0.0 73.1 144.7 
BS16(S2)C2 X 884 77 88.1 59.8 21.8 7,2 15.2 0.8 70.1 130.6 
BS16(S2)C4 X B84 78 90.8 59.4 22.2 8.0 6.0 0.0 70.9 130.5 
BS2(S2)C0 X M017 79 92.8 61.0 20.7 2.8 5,3 1.4 69.5 123.8 
88 
ROOT STALK DROP FLOWER. EAR 
AGRONOMY RESEARCH CENTER 1987 YIELD STAND MOIST 1 LODGED LODGED EARS DATE HEIGHT 
PEDIGREE ENTRY (0/HA) (X1000) (%) (%) (%) (%) (DAYS) (CM) 
BS2(S2)C3 X M017 80 86.1 61.8 21.4 10,0 4.5 1.8 70.7 122.1 
BS2(S2)C5 X M017 81 91.5 58.2 22.1 12.1 1.4 0.0 70.1 115.3 
BSTL(S2)C0 X M017 82 86.6 60.6 24.4 8.8 0.7 1.4 72.3 120.8 
BSTL(S2)C3 X M017 83 81.8 58.2 22.0 6.1 1.3 1.5 71.0 120.5 
BSTL(S2)C5 X M017 84 96.7 59.4 22.7 10.0 1,3 0.0 70.3 116.6 
BS16(S2)C0 X Mo17 85 95.5 61.0 20.9 3.8 0.0 1.3 71.4 121.9 
BS16(S2)C2 X Mo17 86 78.3 59.4 21.7 5.6 2.1 1.3 68.8 113.4 
BS16(S2)C4 X M017 87 91.5 61.4 19.5 3.6 1.9 1.3 69.0 111.5 
BS2(S2)C0 X 0H43 88 78.4 59.4 21.2 15.3 2.7 1.2 66.4 :• 96.6 
BS2(S2)C3 X OH43 89 90.1 61.0 22.3 13.9 3.3 0.6 67.7 91.5 
BS2(S2)C5 X OH43 90 91.0 60.2 24.0 7.2 0.7 2,0 67.3 85.8 
BSTL(S2)C0 X 0H43 91 96.0 61.0 22.8 10.4 1.9 0.6 68.0 98.8 
BSTL(S2)C3 X 0H43 92 88,5 59.8 22.0 15.7 5.4 0.5 67.9 94.3 
BSTL(S2)C5 X 0H43 93 90.5 60.2 23.2 9.6 6.8 1.3 67.4 95.0 
BS16(S2)C0 X OH43 94 98.7 61.0 23.2 7.2 3.3 1.9 68.7 108.4 
BS16(S2)C2 X 0H43 95 81.7 59.0 21.9 6.7 5.2 0.0 66.6 83.5 
BS16(S2)C4 K 0H43 96 84.6 57.4 20.8 5.0 1.5 0.1 66.1 82.8 
B73 X B84 97 95.8 62.2 23.5 4,4 21.8 0.6 49.6 129.3 
B73 X M017 . 98 104.0 60.2 23.8 2,8 4.7 1.3 72.5 122.5 
B73 X 0H43 99 122.0 60.2 23.9 7,5 1.3 0.0 69.3 100.4 
B84 X MOI 7 100 119.6 59.8 23.5 1.9 0.7 0.5 73.3 124.2 
B84 X 0H43 101 116.6 60.2 25,1 5.0 1.9 0.7 69.7 114.5 
MOI7 X OH43 102 98.4 58.2 20.9 9.7 1.3 1.2 67.3 91.3 
BS10C0 X M017 103 87.9 58.6 20,3 10.5 1.4 0.6 71.4 115.8 
BS10(FR)C4 X M017 104 86.0 59.4 22.6 11.8 1.3 2.6 71.9 122.3 
BS10(FR)C8 X M017 105 98.8 59.0 20.1 2.3 0.0 0.1 72.8 110.2 
BS11C0 X B73 106 105.6 60.6 25.5 2,5 6.6 1.2 73.7 132.1 
BS11(FR)C4 X 873 107 112.6 59.8 21,5 4.9 15.5 0.0 72.7 128.1 
BS11(FR)C8 X B73 108 114.2 59.8 25,6 3.3 7.3 0.0 72.4 136.4 
BSIOCO X BS11C0 109 72.0 61.4 23,4 9.6 11.8 2.7 74.0 138.7 
BS10(FR)C8 X BS11(FR)C8 110 101.6 59.8 23,1 6.3 2.7 0.8 71.3 125.0 
EXPERIMENT MEAN 80.6 59.3 22,2 8.8 6,5 1,0 69.7 115.6 
S.E. ENTRY MEAN 5.64 1.78 0.93 3.30 3.28 0.89 2.48 4.26 
89 
ATOMIC ENERGY CENTER 1987 
PEDIGREE 
BS2(S2)C0 
BS2(S2)C3 
BS2(S2)C5 
BSTL(S2)C0 
BSTL(S2)C3 
BSTL(S2)C5 
BS16(S2)C0 
BS16(S2)C2 
BS16(S2)C4 
BS2(S2)C0 Self 
BS2(S2)C3 Self 
BS2(S2)C5 Self 
BSTL{S2)C0 Self 
BSTL(S2)C3 Self 
BSTL(S2)C5 Self 
BS16(S2)C0 Self 
BS16(S2)C2 Self 
BS16(S2)C4 Self 
BS2(S2)C0 X BS2(S2)C3 
BS2(S2)C0 X BS2(S2)C5 
BS2(S2)C0 X BSTL(S2)C0 
BS2(S2)C0 X BSTL(S2)C3 
BS2(S2)C0 X BSTL(S2)C5 
BS2(S2)C0 X BS16(S2)C0 
BS2(S2)C0 X BS16(S2)C2 
BS2(S2)C0 X BS16(S2)C4 
BS2(S2)C3 X BS2(S2)C5 
BS2(S2)C3 X BSTL(S2)C0 
BS2(S2)C3 X BSTL(S2)C3 
BS2(S2)C3 X BSTL(S2)C5 
BS2(S2)C3 X BS16(S2)C0 
BS2(S2)C3 X BS16(S2)C2 
BS2(S2)C3 X BS16(S2)C4 
BS2(S2)C5 X BSTL(S2)C0 
BS2(S2)C5 X BSTL(S2)C3 
BS2(S2)C5 X BSTL(S2)C5 
BS2(S2)C5 X BS16(S2)C0 
BS2(S2)C5 X BS16(S2)C2 
BS2(S2)C5 X BS16(S2)C4 
BSTL(S2)C0 X BSTL(S2)C3 
ROOT STALK DROP FLOWER. EAR 
YIELD STAND MOIST LODGED LODGED EARS DATE HEIGHT 
ENTRY (Q/HA) (X1000) (%) (%) (%) (%) (DAYS) (CM) 
1 59.2 59.8 15.2 11.2 16.8 0.0 62.9 132.0 
2 66.4 61.0 17.0 16.1 2.6 1.3 66.4 122.0 
3 76.5 60.2 16.7 10.8 2.5 0.7 62.8 110.8 
4 42.7 61.0 15.1 9.1 6.9 1.3 66.1 126.1 
5 67.7 59.4 16.2 11.3 3.3 0.7 64.6 120.7 
6 68.7 63.4 15.3 7.3 0.7 0, .0 65.3 118.0 
7 67.5 59.4 18.2 12.1 15.5 0. 0 66.6 143.0 
8 78.4 59.8 16.1 5.9 13.7 0. ,0 62.3 114.3 
9 57.6 60.6 14.3 11.4 2.7 0. 0 62.6 113.5 
10 36.9 60.6 15.2 12.0 7.3 0. 7 67.7 112.6 
11 51.6 59.0 15.9 11.2 2.7 0.0 64.0 111.7 
12 44.8 60.2 14.9 12.6 2.6 0.6 63.7 104.4 
13 39.5 61.4 15.4 9.2 1.2 0.0 69.3 113.7 
14 46.2 55.4 15.5 11.6 0.7 0.0 67.8 112.5 
15 44.7 57.0 17.2 3.9 2.1 0.7 66.7 103.2 
16 47.1 57.0 16.3 10.3 4.2 0.0 69.7 110.4 
17 35.3 59.4 14.8 7.3 2.0 0.0 63.7 100.9 
18 47.8 58.2 14.7 8.4 1.5 0.0 63.4 89.8 
19 65.0 60.6 15.7 11.0 21.6 0.0 62.9 137.1 
20 75.5 61.8 15.3 7.8 9.0 0.0 63.3 123.1 
21 68.8 60.2 14.7 12.5 2.1 0.6 64.0 132.2 
22 77.9 62.6 15.0 11.2 10.3 1.3 63.0 131.8 
23 83.2 62.2 16.0 14.5 0.0 0.6 64.7 132.6 
24 61.3 60.6 15.6 13.1 8.6 0.0 66.0 137.2 
25 76.2 62.6 17.7 6.8 5.9 1.3 62.0 113.8 
26 63.6 61.8 16.6 12.6 2.6 0.7 62.4 114.8 
27 65.3 61.8 18.0 18.5 1.9 1.3 62.3 111.2 
28 79.3 59.4 16.2 18.8 1.4 0.0 64.7 120.5 
29 74.4 61.8 15.5 14.8 2.6 1.3 63.1 122.4 
30 83.1 65.0 14.2 12.9 0.0 0.6 63.6 129.1 
31 68.5 61.8 18.5 10.9 2, .6 1.3 66.8 131.3 
32 62.7 67.0 15.3 19.0 3 .6 1.7 61.9 115.6 
33 62.1 57.4 16.8 18.6 0, .7 1.4 62.4 108.9 
34 75.8 61.8 17.8 7.0 1. ,3 1.3 65.4 118.7 
35 77.8 63.8 16.1 13.7 0. ,0 0.6 64.6 121.9 
36 79.5 60.2 16.1 14.1 0.0 0.0 63.7 125.1 
37 80.2 62.2 17.2 13.9 0.7 0.0 64.2 132.3 
38 82.2 60.2 16.4 10.5 2.7 0.0 61.0 106.1 
39 84.8 59.4 16.6 4.6 3.3 1.3 62.0 105.6 
40 69.9 59.8 15.8 5.1 2.0 0.0 65.3 126.7 
ATOMIC ENERGY CENTER 1987 ROOT 1 STALK DROP FLOWER. EAR 
YIELD STAND MOIST LODGED LODGED EARS DATE HEIGHT 
PEDIGREE ENTRY (Q/HA) (X1000) (%) (%) (%) (%) (DAYS) (CM) 
BSTL(S2)C0 X BSTL(S2)C5 41 55.8 64.2 16.5 13.8 8.5 1.2 64.0 119.5 
BSTL(S2)C0 X BS16(S2)C0 42 76.4 59.8 17.9 11.2 8.9 0.0 64.7 129.9 
BSTL(S2)C0 X BS16(S2)C2 43 64.3 60.6 16.6 5.8 10.8 0.0 63.2 123.7 
BSTL(S2)C0 X BS16(S2)C4 44 76.5 63.8 16.0 13.6 0.6 0.0 63.6 119.2 
BSTL(S2)C3 X BSTL(S2)C5 45 59.3 59.0 17.2 5.7 0.0 0.0 64.0 116.0 
BSTL(S2)C3 X BS16(S2)C0 46 65.9 57.0 17.6 23.6 5.3 0.7 64.6 129.0 
BSTL(S2)C3 X BS16(S2)C2 47 74.3 59.0 14.9 9.7 2.0 0.7 62.3 116.5 
BSTL(S2)C3 X BS16(S2>C4 48 83.9 59.4 16.8 9.2 1.9 0.0 63.3 113.6 
BSTL(S2)C5 X BS16(S2)C0 49 78.6 61.8 15.6 9.0 1.9 0.0 64.0 122.4 
BSTL(S2)C5 X BS16(S2)C2 50 74.9 59.8 15.2 11.2 4.0 0.0 62.4 119.2 
BSTL(S2)C5 X BS16(S2)C4 51 72.5 60.2 15.9 7.7 1.3 0.0 62.0 114.8 
BS16(S2)C0 X BS16(S2)C2 52 74.2 60.2 14.5 9.6 7.9 0.7 64.0 122.3 
BS16(S2)C0 X BS16(S2)C4 53 71.2 61.0 16.0 9.1 15.4 0.0 63.2 120.2 
BS16(S2)C2 X BS16(S2)C4 54 67.0 59.4 15.1 7.6 2.0 0.7 61.7 111.5 
BS2(S2)C0 X BS2(S2)C3 Self 55 40.7 59.4 13.6 15.8 3.4 1.3 65.0 110.9 
BS2(S2)C0 X BS2(S2)C5 Self 56 47.5 61.4 17.2 16.6 5.9 0.0 66.3 115.3 
BSTL(S2)C0 X BSTL(S2)C3 Self 57 33.8 59.0 15.1 7.1 4.1 0.7 67.8 118.3 
BSTL(S2)C0 X BSTL(S2)CS Self 58 36.6 60.2 16.1 6.2 4.7 1.3 69.1 111.3 
BS16(S2)C0 X BS16(S2)C2 Self 59 44.1 59.4 16.9 10.5 1.4 0.0 66,7 101.9 
BS16<S2)C0 X BS16(S2)C4 Self 60 37.0 58.2 15.7 3.8 5.2 0.0 64.8 98.7 
BS2(S2)C0 > ; B73 61 96.5 61.4 15.0 9.2 5.4 0.0 64,4 134.4 
BS2(S2)C3 X : B73 62 97.2 63.4 16.7 5.6 0.6 1.3 65.0 127.1 
BS2<S2)C5 X ; B73 63 110.7 61.4 15.8 7.6 0.0 0.0 65.4 121,5 
BSTL(S2)C0 X B73 64 103.8 60.2 16.1 0.0 0.6 0.0 67.0 126.6 
BSTL(S2)C3 X B73 65 102.6 59.4 16.7 10.1 0.6 0.7 64.7 131.2 
BSTL(S2)C5 X B73 66 96,3 59.4 16.6 6.1 0.0 0.0 66.0 121.3 
BS16(S2)C0 X B73 67 96.2 60.2 15.7 2.9 11.1 0.0 70.3 138.6 
BS16(S2)C2 X B73 68 103.0 64.2 15.1 3.8 2.6 1.2 63.0 125.8 
BS16(S2)C4 X B73 69 103.1 62.2 16.0 4.9 0.7 0.0 63.0 114.6 
BS2(S2)C0 X B84 70 76.8 61.4 16.2 4.2 47.5 0.0 68.6 131.5 
BS2(S2)C3 X B84 71 98.6 61.8 13.8 3.9 1.9 0.0 66.7 140.0 
BS2(S2)C5 X B84 72 101.3 61.0 16.9 1.7 8.4 0.0 65.7 132.2 
BSTL<S2)C0 X B84 73 89.0 60.2 16.6 9.3 10.7 0.7 68.3 138.3 
BSTL(S2)C3 X B84 74 84.3 59.4 16.2 4.5 5.3 0.0 65.6 131.3 
BSTL(S2)C5 X B84 75 102.6 61.0 16.5 6.1 3.5 0.7 65.5 130.7 
BS16(S2}C0 X B84 76 89.2 62.2 16.6 2.4 24.7 0.0 69.0 134.2 
BS16(S2)C2 X B84 77 78.4 60.2 15.7 6.8 30.7 0.0 65.4 131.5 
BS16(S2)C4 X B84 78 89.1 60.6 15.0 5.7 7.9 0.7 65,1 130,3 
BS2(S2)C0 X H017 79 89.3 63.8 15.0 2.4 1.3 0.0 65,3 127,6 
91 
ATOMIC ENERGY CENTER 1987 ROOT STALK DROP FLOWER. EAR 
YIELD STAND MOIST LODGED LODGED EARS DATE HEIGHT 
PEDIGREE ENTRY (Q/HA) (XlOO) (%) (%) (%) (%) (DAYS) (CM) 
BS2(S2)C3 X M017 80 93.0 57.4 15.9 8.7 0.0 0.0 66.1 124,9 
BS2(S2)C5 X H017 81 81.3 59.0 16.3 4.7 0.7 0.7 65.5 124.8 
BSTL(S2)C0 X M017 82 72.2 60.6 16.1 5.0 0.0 0.0 66.6 120.9 
BSTL(S2)C3 X M017 83 76.0 62.6 17.2 4.5 3.2 2.6 67.3 130.2 
BSTL(S2)C5 X M017 84 80.7 63.4 14.9 5.2 0.0 0.7 67.6 129.0 
BS16(S2)C0 X Mo17 85 86.9 59.8 17.3 6.9 1.3 0.7 69.7 130.8 
BS16(S2)C2 X Mo17 86 88,3 61.0 15.2 3.4 1.3 0.6 63.4 110,0 
BS16(S2)C4 X M017 87 77.1 62.2 13.9 5.3 1.3 0.0 64.3 118,4 
BS2(S2)C0 X 0H43 88 92.8 59.0 15.6 10.5 4.1 0.0 61.4 104,2 
BS2(S2)C3 X OH43 89 88,7 61.4 17.3 9.0 1.3 1.9 61.7 -131.6 
BS2(S2)C5 X 0H43 90 93.1 61.4 16.6 5.1 0.6 0.6 62.1 101.7 
BSTL(S2)C0 X 0H43 91 75.3 59.4 16.4 13.4 3.3 1.3 62.9 103.0 
BSTL(S2)C3 X 0H43 92 80.8 62.6 17.5 8.9 2.6 0.0 61.6 104.3 
BSTL(S2)C5 X 0H43 93 91.9 64.6 14.6 8.4 1.3 1.3 61.6 99.8 
BS16(S2)C0 X 0H43 94 93.1 60.6 17.4 5.9 0.0 0.6 64.0 112.4 
DS16(S2)C2 X 0H43 95 77.6 61.8 15.7 8.6 0.6 0.0 61.6 96,2 
BS16(S2)C4 X 0H43 96 76.2 61.0 16.5 8.0 1.2 0.0 61.0 94,4 
B73 X B84 97 113.5 59.0 16.2 2.1 0.0 0.0 70.4 134,0 
873 X M017 98 112.0 59.0 14.8 3.8 0.7 0.0 69.3 130.9 
B73 X OH43 99 115.2 59.0 17.4 0.0 0.7 0.0 63.9 111.9 
B84 X MOI 7 100 100.2 59.0 16.2 4.4 0.7 0.0 70,0 136,5 
B84 X OH43 101 115.3 59.4 15.7 2.6 0.0 0.7 65.6 123,0 
MOI 7 X OH43 102 109.4 61.0 14.6 3.3 0.0 0.0 62,4 99.5 
BS10C0 X M017 103 72.7 61.0 13.7 9.1 0.7 0.0 67,4 125.2 
BS10(FR)C4 X M017 104 90.5 61.8 14.4 4.3 0.0 0.0 67.2 131.6 
BS10(FR)C8 X M017 105 100.4 57.0 14.8 5.7 0.7 0.0 66.3 121.3 
BS11C0 X B73 106 99.4 60.2 17.0 2.9 8.5 0.0 67.9 136.2 
BS11(FR)C4 X 873 107 102.2 60.6 15.4 6.9 0.6 0.0 66.9 135.9 
BS11(FR)C8 X 873 108 105.5 59.4 15.7 3.8 1.8 0.0 67.0 140,3 
BS10CO X BS11C0 109 72.3 57.0 16.6 27.6 6.1 0.0 69.6 129.6 
BS10(FR)C8 X 8S11(FR)C8 110 104.1 59.8 15.8 4.0 0.0 0.0 67.7 136.2 
EXPERIMENT MEAN 77.1 60.6 16.0 8.7 4.3 0.4 65.0 120.5 
S.E. ENTRY MEAN 6.48 1.85 0.80 4.57 2.96 0.62 0.84 3.84 
92 
ANKENY 1987 ROOT STALK DROP 
YIELD STAND MOIST LODGED LODGED EARS 
PEDIGREE ENTRY (Q/HA) (X1000) (%) (%) (%) <%: 
BS2(S2)C0 1 40.1 57.8 16.3 41.8 6.7 0.0 
BS2(S2)C3 2 66.2 60.2 17.1 9.8 5.4 0.7 
BS2(S2)C5 3 59.7 63.0 16.8 7.4 8.3 1.4 
BSTL(S2}C0 4 47.3 57.4 19.2 12.2 6.5 0.0 
BSTL(S2)C3 5 64.1 57.4 17.6 1.1 10.0 3.5 
BSTL(S2)C5 6 60.5 60.2 18.0 0.3 7.7 0.0 
BS16(S2)C0 7 61.6 58.2 19.3 14.4 6.1 0.0 
BS16(S2)C2 8 57.1 61.0 16.3 16.1 6.2 1.4 
BS16(S2)C4 9 60.6 57.8 15.5 3.3 4.5 0.8 
BS2(S2)C0 Self 10 29.2 54.2 16.5 15.4 18.7 1.5 
BS2(S2)C3 Self 11 39.5 57.8 16.2 13.7 10.9 0.1 
BS2(S2)C5 Self 12 43.7 58.2 16.5 4.3 12.8 0.7 
BSTL(S2)C0 Self 13 30.4 55.8 17.4 2.9 7.6 0.7 
BSTL(S2)C3 Self 14 34.7 55.4 17.3 5.2 10.0 0.8 
BSTL(S2)C5 Self 15 41.9 60.2 17.6 3.8 4.2 1.3 
BS16(S2)C0 Self 16 29.0 55.8 18.2 18.4 1.8 0.0 
BS16(S2)C2 Self 17 32.5 55.0 15.6 8.0 11.6 1.5 
BS16(S2)C4 Self 18 33.0 57.0 15.6 3.5 6.6 3.6 
BS2(S2)C0 X BS2(S2)C3 19 60.4 58.6 16.0 21.9 9.8 1.3 
BS2(S2)C0 X. BS2(S2)C5 20 67.6 55.4 16.6 21.3 6.3 0.0 
BS2(S2)C0 X BSTL(S2)C0 21 50.4 61.8 17.6 11.5 7.9 2.0 
BS2(S2)C0 X BSTL(S2)C3 22 66.7 57.4 16.3 15.3 6.4 0.7 
BS2(S2)C0 X BSTL(S2)C5 23 65.7 59.8 16.8 7.3 6.9 1.4 
BS2(S2}C0 X BS16(S2)C0 24 55.7 59.4 16.8 46.4 5.3 2.0 
BS2(S2)C0 X BS16(S2)C2 25 51.5 62.2 16.6 25.6 8.5 0.6 
BS2(S2)C0 X BS16(S2)C4 26 55.5 58.2 16.3 27.3 4.2 0.0 
BS2(S2)C3 X BS2(S2)C5 27 71.8 57.8 17.8 1.2 10.7 0.7 
8S2(S2)C3 X BSTL(S2)C0 28 56.0 57.0 17.5 7.7 12.3 2.1 
BS2(S2)C3 X BSTL(S2)C3 29 73.5 60.2 16.1 12.7 5.4 1.4 
BS2(S2)C3 X BSTL(S2)C5 30 63.7 58.2 17.3 2.8 5.6 0.0 
BS2(S2)C3 X BS16(S2}C0 31 57.9 54.6 19.1 4.0 0.7 
BS2(S2)C3 X BS16(S2)C2 32 74.5 59.4 16.5 15.6 5.4 0.0 
BS2(S2)C3 X BS16(S2)C4 33 55.2 59.8 16.1 9.9 8.3 0.6 
BS2(S2)C5 X BSTL(S2)C0 34 64.4 62.6 19.5 9.6 8.1 1.3 
BS2(S2)C5 X BSTL(S2)C3 35 75.9 59.0 17.9 7.7 11.4 0.7 
BS2(S2)C5 X BSTL(S2)C5 36 79.2 59.0 17.0 5.1 6.7 0.0 
BS2(S2)C5 X BS16(S2}C0 37 64.7 61.0 17.6 19.2 4.2 1.4 
BS2(S2)C5 X BS16(S2}C2 38 65.1 57.8 18.3 18.6 3.8 2.6 
BS2(S2)C5 X BS16(S2)C4 39 71.5 56.2 16.8 3.5 6.2 0.0 
BSTL(S2)C0 X BSTL(S2)C3 40 51.8 55.0 16.8 8.2 9.4 2.2 
93 
ANKENY 1987 
PEDIGREE ENTRY 
YIELD STAND 
(Q/HA) (X1000) (%) 
ROOT STALK DROP 
MOIST LODGED LODGED EARS 
(%> (%) (%) 
BSTL(S2)C0 X BSTL(S2)C5 41 56.2 58.2 18.1 7.2 5.9 1.4 
BSTL(S2)C0 X BS16(S2)C0 42 62.0 60.6 18.3 9.5 3.3 1.9 
BSTL(S2)C0 X BS16(S2)C2 43 63.2 60.6 16.9 21.3 2.3 0.8 
BSTL(S2)C0 X 8S16(S2)C4 44 66.6 57.8 15.5 15.3 7.8 1.4 
BSTL(S2)C3 X BSTL(S2)C5 45 61.4 56.6 17.4 0.8 8.9 1.4 
BSTL(S2)C3 X BS16(S2)C0 46 71.0 58.6 17.8 8.6 5.9 2.1 
BSTL(S2)C3 X BS16(S2)C2 47 68.4 56.2 16.1 7.7 4.6 2.8 
BSTL(S2)C3 X BS16(S2)C4 48 58.8 60.6 16.4 11.6 5.3 0.0 
BSTL(S2)C5 X BS16(S2)C0 49 64.7 59.0 17.9 11.2 6.6 2.0 
BSTL(S2)C5 X BS16(S2)C2 50 59.9 58.6 16,6 14.7 3.1 0.0 
BSTL(S2)C5 X BS16(S2)C4 51 58.5 59.8 17.1 1.4 5.8 3.4 
BS16(S2)C0 X BS16(S2)C2 52 72.3 57.4 17.7 6.4 9.5 0.0 
BS16(S2)C0 X BS16<S2)C4 53 60.8 57.4 15.7 8.9 4.9 0.0 
BS16(S2)C2 X BS16(S2)C4 54 56.0 58.6 16.6 8.6 5.3 0.0 
BS2(S2)C0 X BS2(S2)C3 Self 55 36.5 57.4 16.2 17.2 8.3 1.5 
BS2(S2)C0 X BS2(S2)C5 Self 56 32.6 57.0 16.8 21.4 13.4 2.6 
BSTL<S2)C0 X BSTL<S2)C3 Self 57 35.8 53.8 17.2 7.2 9.4 0.0 
BSTL(S2)C0 X BSTL(S2)C5 Self 58 38.7 61.8 18.5 2.7 4.6 0.7 
BS16(S2)C0 X BS16(S2)C2 Self 59 41.1 59.8 16.5 16.8 6.7 0.7 
BS16(S2)C0 .X BS16(S2)C4 Self 60 33.6 60.6 16.4 1.5 9.6 0.7 
BS2(S2)C0 X B73 61 77.5 61.0 17.7 7 .3 10.9 0.0 
BS2(S2)C3 X B73 62 89.1 60.2 17.2 4 .8 4.6 0.7 
BS2(S2)C5 X B73 63 99.2 59.8 18.2 19 .6 3.4 0.6 
BSTL(S2)C0 X B73 64 94.3 58.2 19.5 13 .3 7.4 1.4 
BSTL(S2)C3 X B73 65 89.9 60.2 18.0 3 .3 8.2 0.6 
BSTL(S2)C5 X B73 66 82.8 59.0 17.9 2.4 3.8 0.7 
BS16(S2)C0 X B73 67 86.0 61.0 16.7 16.0 3.6 1.3 
BS16(S2)C2 X B73 68 90.2 61.4 16.6 30.8 2.9 0.0 
BS16(S2)C4 X B73 69 85.8 59.8 16.9 18.7 3.9 0.7 
BS2(S2)C0 X B84 70 68.3 59.8 17.0 35.4 4.2 0.0 
BS2(S2)C3 X B84 71 80.0 57.0 16.8 32.1 4.1 0.7 
BS2(S2}C5 X B84 72 78.0 58.2 18.1 13.4 6.6 0.7 
BSTL(S2)C0 X 884 73 88.7 55.8 17.5 27.2 8.8 2.9 
BSTL(S2)C3 X B84 74 78.7 59.0 17.0 9.6 9.1 0.0 
BSTL(S2)C5 X B84 75 93.3 61.4 17.5 4.1 6.5 1.9 
BS16(S2}C0 X 884 
BS16(S2}C2 X B84 
BS16(S2)C4 X B84 
BS2(S2)C0 X M017 
BS2(S2)C3 X M017 
76 74.9 58.6 17.9 33.6 8.5 0.0 
77 83.1 59.8 17.2 34.9 5.0 2.6 
78 82.6 61.0 16.9 18.4 5.8 1.3 
79 73.6 56.2 16.7 10.6 3.7 2.2 
80 73.1 63.8 16.6 4.3 5.4 0.6 
ROOT STALK DROF 
ANKENY 1987 YIELD STAND MOIST LODGED LODGED EARS 
PEDIGREE ENTRY (Q/HA) 1 (X1000) (%) (%) (%) (%)  
BS2(S2)C5 X M017 81 71.2 62.2 16.9 0.3 9.6 1.9 
BSTL(S2)C0 X M017 82 70.8 58.6 18.6 7.2 6.1 0.6 
BSTL(S2)C3 X H017 83 67.4 63.8 17.0 6.8 9.0 1.3 
BSTL(S2)C5 X M017 84 90.2 56.6 19.1 0.0 7.9 0.0 
BS16(S2)C0 X Mo17 85 75.8 60.2 18.0 10.5 4.6 0.6 
BS16(S2)C2 X Mo17 86 66.3 59.8 16.7 16.2 2.6 3.3 
BS16(S2)C4 X M017 87 94.4 60.6 15.5 0.1 2.6 1.3 
BS2(S2)C0 X 0H43 88 58.1 59.4 16.3 3.3 8.9 2.0 
BS2(S2)C3 X OH43 89 67.9 62.6 17.3 14.1 4.8 3.2 
BS2<S2)C5 X OH43 90 71.5 57.4 17.0 7.7 4.3 0.0 
BSTL(S2)C0 X 0H43 91 70.0 60.2 18.9 11.0 6.3 3.4 
BSTL(S2)C3 X 0H43 92 82.4 57.0 16.0 5.3 5.6 0.0 
BSTL(S2)C5 X 0H43 93 70.8 59.8 16.5 10.2 2.0 0.7 
BS16(S2)C0 X 0H43 94 65.5 56.6 18.4 17.4 6.9 0.8 
BS16(S2)C2 X OH43 95 62.5 56.2 16.1 16.2 5.0 0.0 
BS16(S2)C4 X OH43 96 67.0. 60.2 16.7 2.9 3.7 0.1 
B73 X B84 97 85.9 59.0 18.3 21.5 2.7 0.0 
B73 X M017 98 117.0 57.4 17.2 7.2 2.0 0.0 
B73 X 0H43 99 100.9 60.6 19.1 3.8 6.2 0.0 
B84 X M017 100 104.6 57.0 18.0 5.1 8.7 2.0 
884 X OH43 101 94.3 59.4 19.0 17.0 10.8 0.7 
MOI7 X 0H43 102 94.2 56.2 16.6 0.0 3.2 1.4 
BS10C0 X M017 103 74.5 57.4 15.4 4.1 1.9 0.0 
BS10(FR)C4 X M017 104 86.9 57.0 16.6 1.6 11.5 1.4 
BS10(FR)C8 X M017 105 78.4 61.8 16.7 1.6 2.6 1.9 
BS11C0 X 873 106 82.4 57.4 18.3 8.2 12.9 3.4 
8S11(FR)C4 X 873 107 113.3 58.2 18.0 10.6 2.2 1.4 
BS11(FR)C8 X 873 108 106.1 59.4 17.2 28.4 3.3 0.0 
BS10C0 X BS11C0 109 63.6 56.2 17.8 9.4 14.8 0.7 
BS10(FR)C8 X BS11(FR)C8 110 80.6 59.8 17.3 1.4 8.9 0.0 
EXPERIMENT MEAN 67.6 58.7 17.2 11.6 6.7 1.0 
S.E. ENTRY MEAN 5.42 1.91 0.70 6.64 2.81 0.97 
HARTINSBURG 1987 ROOT STALK DROF 
YIELD STAND MOIST LODGED LODGED EARS 
PEDIGREE ENTRY (Q/HA) (X1000) (%) (%> (%) (%: 
BS2(S2)C0 1 34.2 60.6 16.1 20.4 47,7 0.0 
BS2(S2)C3 2 42.6 61.0 16.0 7.8 52.0 2.0 
BS2(S2}C5 3 47.6 59.0 16.7 4.4 38.4 0.7 
BSTL(S2)C0 4 40.0 60.2 16.7 12.0 44.6 6.0 
BSTL(S2)C3 5 44.7 61.4 16.5 1.1 43.3 1.9 
BSTL(S2)C5 6 46.3 64.2 15.9 1.7 31.2 0.7 
BS16(S2)C0 7 48.6 60.6 17.4 11.8 54.9 1.3 
BS16(S2)C2 8 53.8 61.4 14.6 13.9 18.7 4.5 
BS16(S2)C4 9 42.8 61.0 15.0 3.3 34.9 2.6 
BS2(S2)C0 Self 10 20.8 58.2 16.0 15.6 26.9 1,4 
BS2(S2)C3 Self 11 23.5 58.2 14.9 11.1 41.1 0,7 
BS2(S2)C5 Self 12 31.4 59.4 16.0 9.0 40.9 1,4 
BSTL(S2)C0 Self 13 18.2 59.8 15.9 11.6 25.8 2,8 
BSTL(S2)C3 Self 14 26.7 62.2 14.8 4.4 33,4 0.0 
BSTL(S2)C5 Self 15 24.0 60.2 15.4 5.6 22.0 1.4 
BS16(S2)C0 Self 16 26.2 61,4 16.7 8.9 29.9 2.1 
BS16(S2)C2 Self 17 27.3 57.0 14.7 7.4 26.0 0.7 
BS16(S2)C4 Self 18 34.3 58.2 15.7 0.1 24.6 0.0 
BS2(S2)C0 X BS2(S2)C3 19 42.0 59,8 15.6 10.8 53.9 1.9 
BS2(S2)C0 X BS2(S2)C5 20 41.8 63,0 15.8 8.6 71.7 0.6 
BS2(S2)C0 X BSTL(S2)C0 21 40.5 59.0 16.2 6.3 44.3 1.3 
BS2(S2)C0 X BSTL(S2)C3 22 40.3 61,8 15.6 9.0 46.7 2,0 
BS2<S2)C0 X BSTL(S2)C5 23 44.4 59.0 15.6 7.7 31.8 4.0 
BS2(S2)C0 X BS16(S2)C0 24 41.8 63.0 16.1 22.5 27.5 4.3 
BS2<S2)C0 X BS16(S2)C2 25 41.2 59.0 16.4 19.8 29.7 5.9 
BS2(S2)C0 X BS16(S2)C4 26 42.0 61.4 16.2 10.7 47.6 0.6 
BS2(S2)C3 X BS2(S2)C5 27 41.7 61.4 16.2 3.7 42.4 2.0 
BS2(S2)C3 X BSTL<S2)C0 28 46.0 60.6 16.2 2.9 41.2 1.3 
BS2(S2)C3 X BSTL(S2)C3 29 37.8 61.4 15.5 4.7 53.6 2.0 
BS2(S2)C3 X BSTL(S2)C5 30 47.1 62.6 16.7 4.6 35.9 4.7 
BS2<S2)C3 X BS16(S2)C0 31 40.4 61.8 15.9 16.2 48.3 1.9 
BS2(S2)C3 X BS16(S2}C2 32 45.7 61.4 15.4 6.9 34.1 2.5 
BS2(S2)C3 X BS16(S2)C4 33 42.1 60.6 16.0 5.3 38.5 1.3 
BS2(S2)C5 X BSTL<S2)C0 34 43.5 64.6 16.7 7.0 30.1 1.3 
BS2(S2)C5 X BSTL(S2)C3 35 45.0 62.6 16.9 0.1 37.7 5.8 
BS2(S2)C5 X BSTL(S2)C5 36 47.7 61.8 16.0 4.8 56.1 1.8 
BS2(S2)C5 X BS16(S2)C0 37 45.1 64.2 18.1 9.8 36.1 5.7 
BS2(S2}C5 X BS16(S2)C2 38 56.7 60.6 15.7 3.1 29.2 0.7 
BS2(S2}C5 X BS16(S2)C4 39 42.3 62.2 15.9 22.3 57.0 1.3 
BSTL(S2)C0 X BSTL(S2)C3 40 45.0 63.4 17.3 2.6 37.1 4.3 
96 
MARTINSBURG 1987 ROOT STALK DROP 
YIELD STAND MOIST LODGED LODGED EARS 
PEDIGREE ENTRY (Q/HA) (XIOOO) (%) (%) (%) (%) 
BSTL(S2)C0 X BSTL(S2)C5 41 41.0 64.6 16.5 5.7 25.6 4.9 
BSTL(S2)C0 X BS16(S2)C0 42 51.0 63.0 16.8 7.8 30.3 5.7 
BSTL(S2)C0 X BS16(S2)C2 43 49.2 59.4 15.8 7.3 40.3 1.3 
BSTL(S2)C0 X BS16(S2)C4 44 48.8 58.6 16.5 2.3 30.7 4.1 
BSTL(S2)C3 X BSTL(S2)C5 45 44.6 61.8 15.6 3.9 29.3 3.1 
BSTL(S2)C3 X BS16(S2)C0 46 49.2 57.8 15.5 4.5 39.7 0.7 
BSTL(S2)C3 X BS16(S2)C2 47 46.7 63.0 17.4 9.3 23.5 0.6 
BSTL(S2)C3 X BS16(S2)C4 48 38.1 63.0 15.6 4.0 32.7 1.9 
BSTL<S2)C5 X BS16(S2)C0 49 51.6 59.4 16.7 4.1 43.4 1.3 
BSTL(S2)C5 X BS16(S2)C2 50 39.5 63.0 14.9 5.4 33.9 3.2 
BSTL(S2)C5 X BS16(S2)C4 51 40.6 61.4 15.7 7.0 40,7 1.4 
BS16(S2)C0 X BS16(S2)C2 52 56.2 61.0 15.5 7.2 25.5 1.3 
BS16(S2)C0 X BS16(S2)C4 53 41.6 60.6 15.8 8.3 44.0 2.0 
BS16(S2)C2 X BS16(S2)C4 54 41.4 59.0 15.5 8.7 37.5 0.7 
BS2(S2)C0 X BS2(S2)C3 Self 55 23.1 54.6 16.1 7.3 42.0 3.0 
BS2(S2)C0 X BS2(S2)C5 Self 56 21.8 56.2 15.1 13.6 57.5 0.8 
BSTL(S2)C0 X BSTL(S2)C3 Self 57 26.5 59.0 15.2 5.7 27.1 4.8 
BSTL(S2)C0 X BSTL(S2)C5 Self 58 24.0 59.0 15.5 10.7 27.3 2.0 
BS16(S2)C0 X BS16(S2>C2 Self 59 26.7 60.6 16.7 20.0 26.5 0.6 
BS16{S2)C0 X BS16(S2)C4 Self 60 27.2 58.2 15.3 14.2 31.6 0.0 
BS2(S2)C0 X B73 61 75.8 62.6 16.0 17.7 18.4 1.9 
BS2(S2)C3 X B73 62 60.4 58.6 14.8 9.2 14.9 0.0 
BS2(S2)C5 X B73 63 67.4 63.4 16,8 4.4 12.8 4.3 
BSTL(S2)C0 X B73 64 64.3 63.0 17.9 12.9 25.4 4.0 
BSTL(S2)C3 X 873 65 70.0 63.0 15.8 4.2 9.6 0.0 
BSTL(S2)C5 X 873 66 66.9 58.6 16.7 1.7 25.3 1.4 
BS16(S2)C0 X 873 67 62.4 60.2 16.7 12.5 26.7 0.6 
BS16(S2}C2 X 873 68 70.7 63.4 15.5 13.1 12.4 1.2 
BS16(S2)C4 X 873 69 61.0 66.2 16.2 6.4 19.7 1.2 
BS2(S2)C0 X 884 70 49.4 63.0 15.6 22.1 17.6 10.1 
BS2(S2)C3 X 884 71 67.3 61.0 16.4 22.9 21.0 1.9 
8S2(S2)C5 X 884 72 66.6 63.8 15.5 10.4 25.5 2.5 
8STL(S2)C0 X 884 73 58.1 64.6 16.3 11.7 21.5 8.1 
BSTL(S2)C3 X 884 74 52.2 63.8 17.3 13.5 19.8 3.0 
BSTL(S2)C5 X 884 75 68.7 61.8 16.3 11.2 20.4 3.1 
BS16(S2)C0 X B84 
BS16(S2)C2 X B84 
BS16(S2)C4 X BB4 
BS2(S2)C0 X M017 
BS2(S2)C3 X M017 
76 52.2 61.0 16.6 24,9 22.5 4.7 
77 62.3 62.2 15.8 23,8 29.4 3.4 
78 57.3 61.8 15.8 15.1 25.5 2.0 
79 45.6 63.8 15,0 9,2 33.8 3.3 
80 53.4 61.0 16,6 6,2 30.7 2.6 
97 
ROOT STALK DROP 
MARTINSBURG 1987 
YIELD STAND MOIST LODGED LODGED EARS 
PEDIGREE ENTRY (Q/HA) (X1000) (%) (%) (%) (%) 
BS2(S2)C5 X M017 81 51.7 60,6 15.4 3,4 32.8 2.0 
BSTL(S2)C0 X M017 82 52.9 63.0 17.1 4,2 26.0 5.1 
BSTL(S2)C3 X M017 83 57.4 59.4 15.1 1,3 30.9 5.3 
BSTL(S2)C5 X H017 84 56.9 60.2 15.7 0.0 29.8 4.6 
BS16(S2)C0 X Mo17 85 57.5 61.8 16.2 4,4 30.4 4.6 
BS16(S2)C2 X Mo17 86 54.3 62.6 16,2 4.9 19,6 1.3 
BS16(S2)C4 X M017 87 38.1 61.4 14.3 0.1 38,1 4.4 
BS2(S2)C0 X 0H43 88 51.9 57.8 15.2 2.9 35,2 2.8 
BS2(S2)C3 X 0H43 89 57.6 58.2 14.7 0,0 32,4 0.0 
BS2(S2)C5 X 0H43 90 61.4 60.2 17.1 4,4 29.7 2.0 
BSTL(S2)C0 X OH43 91 52.5 61.0 16.3 0,8 29.3 1.3 
BSTL(S2)C3 X 0H43 92 51.9 61.0 17,1 1,0 52.0 0.6 
BSTL(S2)C5 X 0H43 93 56.6 58.2 16,0 1,2 28.7 1.5 
BS16(S2)C0 X 0H43 94 55.2 59.0 17.6 0.0 29.2 2.7 
BS16(S2)C2 X 0H43 95 57.5 63.0 15.4 4,9 27,2 1,3 
BS16(S2)C4 X OH43 96 52.4 64.2 16.2 1.1 32,2 0.0 
B73 X B84 97 54.9 57.4 16.1 20.1 16,5 5.0 
B73 X M017 . 98 89.8 62.2 16,7 5.8 5,7 0,6 
B73 X OH43 99 75.7 63.8 17.1 0.9 4,6 2,5 
B84 X MOI 7 100 74.1 63.4 16.2 14.4 6,7 3.2 
B84 X 0H43 101 74.0 62.2 17.9 3.4 16,0 1,9 
MOI 7 X 0H43 102 66.5 61.4 14.7 0.0 24,4 1.4 
BS10C0 X MOI 7 103 47.8 60.6 14.9 3.4 36,6 3.4 
BS10(FR)C4 X M017 104 47.5 62.6 15,0 2.0 44,8 2,0 
BS10(FR)C8 X M017 105 63.6 57.8 15,2 3.6 40,1 0,7 
BS11C0 X B73 106 59.1 61.0 16,4 10.3 23,9 1,4 
BS11(FR)C4 X B73 107 70.4 61.8 17,7 8.8 13.2 7.7 
BS11(FR)C8 X B73 108 69.6 60.6 16.7 1.0 8.3 2.6 
BS10C0 X BS11C0 109 42.2 61.4 15.9 1.8 47.7 1.9 
BS10(FR)C8 X BS11(FR)C8 110 72.9 61.4 15.6 0.7 21.5 8.5 
EXPERIMENT MEAN 49.0 61.1 16.0 7.8 31.8 2.5 
S.E. ENTRY MEAN 4.61 1.94 0,56 4.10 7.91 1,67 
AGRONOMY RESEARCH CENTER 1988 ROOT STALK DROP FLOWER. EAR 
YIELD STAND MOIST 1 LODGED LODGED EARS DATE HEIGHT 
PEDIGREE ENTRY (Q/HA) (X1000) (%> (%) (%) (%) (DAYS) (CM) 
BS2(S2)C0 1 37.9 54.6 20.7 18.2 20.8 0.8 77.0 117.6 
BS2(S2)C3 2 54.0 57.8 21.9 0.0 28.8 0.7 79.3 123.2 
BS2(S2)C5 3 47.2 57.0 19.2 5.0 26.0 0.7 78.7 103.1 
BSTL(S2)C0 4 36.7 57.8 22.9 4.8 10.8 0.7 81.0 115.6 
BSTL(S2)C3 5 59.1 57.0 22.5 6.4 21.1 0.0 79.0 111.5 
BSTL(S2)C5 6 42.6 61.8 21.2 1.9 16.3 1.3 79.0 106.4 
BS16(S2)C0 7 44.7 56.2 23.9 9.3 27.9 0.7 81.0 122.5 
BS16(S2)C2 8 55.6 57.4 21.0 11.8 7.8 0.0 77.0 102.1 
BS16(S2)C4 9 37.2 60.2 19.6 4.6 17.7 2.0 76.3 95.0 
BS2(S2)C0 Self 10 10.1 55.8 20.5 14.8 11.6 0.8 82.7 103.0 
BS2(S2)C3 Self 11 17.6 56.2 22.9 3.5 24.8 0.0 80,7 97.7 
BS2(S2)C5 Self 12 25.9 58.2 21.0 5.5 24.9 0.0 79,4 100.7 
BSTL(S2)C0 Self 13 30.8 53.4 22.5 5.2 11.2 0.0 80.0 92.4 
BSTL(S2)C3 Self 14 30.6 55.8 24.3 5.8 17.8 1.5 80.3 103.7 
BSTL(S2)C5 Self 15 28.9 55.4 19.7 1.4 16.6 1.4 80.7 102.6 
BS16(S2)C0 Self 16 30.7 53.4 23.4 9.4 16.4 0.6 81.7 107.9 
BS16(S2)C2 Self 17 22.8 53.4 21.0 1.4 13.5 0.7 79.7 91.9 
BS16(S2)C4 Self 18 25.6 54.6 21.3 4.3 19.5 1.4 76.7 86.9 
BS2(S2}C0 X BS2(S2)C3 19 46.9 58.2 20.8 3.4 26.4 0.7 78.3 114.1 
BS2(S2)C0 X BS2(S2)C5 20 57.1 60.6 20.7 12.0 18.3 0.0 78.7 122.7 
BS2(S2}C0 X BSTL(S2)C0 21 45.4 59.0 20.9 8.5 15.6 0.0 79.0 114.4 
BS2(S2)C0 X BSTL(S2)C3 22 46.5 61.8 20.3 7.1 24.1 3.2 79.3 113.0 
BS2(S2)C0 X BSTL(S2)C5 23 54.3 53.8 22.0 4.3 15.3 0,0 79.0 118.9 
BS2(S2)C0 X BS16(S2)C0 24 43.9 57.0 22.2 14.5 19.6 0.8 80.3 122.2 
BS2(S2)C0 X BS16(S2)C2 25 47.1 57.4 21.9 8.3 19.7 1.9 77.7 102.1 
BS2(S2)C0 X BS16(S2)C4 26 45.5 61.8 20.2 13.7 15.7 0.0 77.3 106.8 
BS2(S2)C3 X BS2<S2)C5 27 49.9 59.0 22.9 6.1 21.3 0.7 77.3 99.8 
BS2(S2)C3 X BSTL(S2)C0 28 51.2 59.0 21.7 3.3 22.1 0.0 80.0 112.7 
BS2(S2)C3 X BSTL(S2)C3 29 50.5 61.4 20.7 3.9 28.0 0,7 78.7 112.9 
8S2(S2)C3 X BSTL(S2)C5 30 56.8 57.4 21.1 2.1 21.9 0.7 78.3 115.9 
BS2(S2)C3 X BS16(S2}C0 31 51.3 57.0 19.0 2.0 29.1 2,0 80.7 126.4 
BS2(S2)C3 X BS16(S2)C2 32 45.2 56.6 19.0 4.3 20.2 0,6 76,6 113.8 
BS2(S2)C3 X BS16(S2)C4 33 37.1 59.4 18.6 4.2 22.3 0.7 77,0 101.5 
BS2(S2)C5 X BSTL(S2)C0 34 45.8 58.6 22.5 1.4 15.3 0.7 79.6 112.4 
BS2(S2)C5 X BSTL(S2)C3 35 43.9 60.2 22.6 0.7 25.4 1.3 79.0 113.3 
BS2(S2)C5 X BSTL(S2)C5 36 59.9 61.4 21.3 2.6 22.8 0.0 78.0 104.1 
BS2(S2)C5 X BS16(S2)C0 37 48.9 57.0 24.4 7.0 17.1 2.2 79.7 116.8 
BS2(S2)C5 X BS16(S2)C2 38 46.7 62.2 20.7 10.3 22.2 0.0 78.0 114.8 
BS2(S2)C5 X BS16(S2)C4 39 54.2 59.0 19.8 6.2 21.9 0.6 76.0 106.7 
BSTL(S2)C0 X BSTL(S2)C3 40 43.6 58.6 21.2 5.5 15.0 1.3 80.0 117.5 
AGRONOMY RESEARCH CENTER 1988 ROOT STALK DROP FLOWER. EAR 
YIELD STAND MOIST LODGED LODGED EARS DATE HEIGHT 
PEDIGREE ENTRY (Q/HA) (X1000) (%) (%) (%) (%) (DAYS) (CM) 
BSTL(S2)C0 X BSTL(S2)C5 41 44.6 57.4 22.2 4.2 14.8 0.7 79.0 110.9 
BSTL(S2)C0 X BS16(S2)C0 42 50.5 60.6 23.3 10.3 11.4 0.6 79.3 115.2 
BSTL(S2)C0 X BS16(S2)C2 43 46.4 53.4 20.5 3.9 23.0 2.3 78.7 105.4 
BSTL(S2)C0 X BS16(S2)C4 44 51.5 59.8 20.8 7.9 13.1 0.6 78.7 107.7 
BSTL(S2)C3 X BSTL{S2)C5 45 45.5 60.2 21.1 2.6 21.2 2.7 79.3 108.2 
BSTL(S2)C3 X BS16(S2)C0 46 43.2 53.8 23.3 5.2 27.8 0.7 78.7 117.0 
BSTL(S2)C3 X BS16(S2)C2 47 66.5 57.4 20.7 16.0 5.8 3.5 78.0 107.8 
BSTL(S2)C3 X BS16(S2)C4 48 53.0 55.0 21.2 5.0 13.9 2.1 78.0 108.3 
BSTL(S2)C5 X BS16(S2)C0 49 47.5 55.4 23.9 0.7 24.4 0.7 79.3 117.0 
BSTL(S2)C5 X BS16(S2)C2 50 58.1 55.4 21.9 6.4 20.6 0.7 77.0 101.1 
BSTL(S2)C5 X BS16(S2)C4 51 49.3 59.0 20.5 2.0 19.9 1.4 77.3 105.0 
BS16(S2)C0 X BS16(S2)C2 52 48.6 59.4 19.5 11.9 19.2 0.0 79.0 119.1 
BS16(S2)C0 X BS16(S2)C4 53 52.2 54.6 20.0 5.1 26.9 0.8 79.3 108.3 
BS16(S2)C2 X BS16(S2)C4 54 51.0 56.6 20.7 11.7 11.5 0.7 75.7 97.0 
BS2(S2)C0 X BS2(S2)C3 Self 55 24.9 53.0 21.3 4.7 22.9 0.8 79.3 109.5 
BS2(S2)C0 X BS2(S2)C5 Self 56 23.1 56.2 20.9 5.6 27.0 1.4 81.0 96.5 
BSTL(S2)C0 X BSTL(S2)C3 Self 57 20.3 60.2 23.1 5.4 14.5 1.4 81.7 106.9 
BSTL(S2)C0 X BSTL(S2)C5 Self 58 33.2 62.6 22.9 0.6 12.9 0.0 81.4 96.8 
BS16(S2)C0 X BS16(S2)C2 Self 59 28.0 56.6 22.7 11.2 18.0 1.4 78.3 103.7 
BS16(S2)C0 X BS16(S2)C4 Self 60 20.3 55.8 21.4 11.1 11.4 0.8 80.0 94.3 
BS2(S2)C0 X B73 61 57.2 58.6 21.2 15.7 12.8 0.6 79.7 125.4 
BS2(S2)C3 X B73 62 67.4 56.6 22.5 5.4 14.9 0.6 80.0 114.8 
BS2(S2)C5 X B73 63 64.1 61.4 22.3 5.8 22.0 0.7 80.3 113.9 
BSTL(S2)C0 X B73 64 66.7 53.0 24.3 3.7 22.1 2.3 80.7 117.6 
BSTL(S2)C3 X B73 65 66.3 58.6 20.5 2.7 24.3 2.8 79.7 124.6 
BSTL(S2)C5 X B73 66 70.5 56.2 23.1 3.7 15.9 0.8 79.3 115.1 
BS16(S2)C0 X B73 67 64.7 61.4 23.2 6.0 20.2 0.7 80.7 119.8 
BS16(S2)C2 X B73 68 60.8 57.8 20.8 11.7 15.9 0.6 79.0 123.1 
BS16(S2)C4 X B73 69 42.5 60.2 22.4 3.3 35.5 0.7 80.6 111.2 
BS2(S2)C0 X B84 70 61.7 57.4 22.3 8.2 13.0 1.5 78.7 129.1 
BS2(S2)C3 X B84 71 68.2 57.4 21.7 3.5 13.4 0.7 80.7 120.1 
BS2(S2)C5 X B84 72 73.0 60.6 23.4 7.2 23.9 2.0 80.3 121.0 
BSTL(S2)C0 X BB4 73 57.0 60.6 23.4 4.5 16.5 0.6 81.7 126.2 
BSTL(S2)C3 X B84 74 73.0 61.8 21.6 0.6 22.1 0.0 79.7 127.1 
BSTL{S2)C5 X B84 75 79.3 57.8 22.8 2.1 13.1 1.4 79.6 118.6 
BS16(S2)C0 X B84 76 59.8 60.6 23.6 6.5 15.4 1.3 82.4 120.0 
6S16(S2)C2 X B84 77 65.7 59.0 22.6 7.4 14.4 2.7 79.4 117.7 
BS16(S2)C4 X B84 78 63.0 51.0 20.0 3.1 17.4 2.2 78.3 110.5 
BS2(S2)C0 X M017 79 46.3 50.6 21.2 19.4 10.1 0.9 79.7 117.9 
100 
AGRONOMY RESEARCH CENTER 1988 ROOT STALK DROP FLOWER. EAR 
YIELD STAND MOIST LODGED LODGED EARS DATE HEIGHT 
PEDIGREE ENTRY (Q/HA) (X1000) (%) (%) (%) (%) (DAYS) (CM) 
BS2(S2)C3 X M017 80 52.6 59.8 20.8 3.9 18.3 1.3 79.7 121.9 
BS2(S2)C5 X M017 81 60.7 61.0 21.9 1.3 12.4 0.7 79.7 107.5 
BSTL(S2)C0 X M017 82 57.2 55.8 21.1 9.5 10.4 1.5 80.7 113.8 
BSTL(S2)C3 X M017 83 69.9 58.2 20.5 1.3 13.2 0.0 79.0 114.7 
BSTL(S2)C5 X M017 84 62.3 60.6 22.3 1.3 6.8 0.7 79.7 103.5 
BS16(S2)C0 X Mo17 85 53.5 57.0 23.5 1.4 6.7 2.1 82.0 111.8 
BS16(S2)C2 X Mo17 86 53.5 60.2 20.7 2.1 10.2 0.7 77.0 107.2 
BS16(S2)C4 X M017 87 61.6 56.6 19.8 7.2 10.7 0.7 78.0 102.8 
SS2<S2)C0 X 0H43 88 50.9 60.6 19.8 8.6 16.2 0.6 73.3 102.7 
BS2(S2)C3 X 0H43 89 55.2 54.6 22.1 5.9 18.8 1.5 75.0 99.3 
BS2(S2)C5 X 0H43 90 55.5 61.4 22.0 4.6 17.4 0.6 76.7 92.4 
BSTL(S2)C0 X OH43 91 50.3 57.0 22.5 2.1 26.8 1.4 77.3 95.7 
BSTL(S2)C3 X 0H43 92 50.5 62.6 21.6 2.5 15.3 1.3 78.7 99.5 
BSTL(S2)C5 X 0H43 93 63.1 57.4 21.6 0.7 7.7 0.0 76.3 98.9 
BS16(S2)C0 X 0H43 94 39.7 61.8 24.6 7.7 13.5 0.6 79.3 90.6 
BS16<S2)C2 X 0H43 95 52.9 59.4 22.0 3.0 18.1 0.0 79.3 98.8 
BS16(S2)C4 X 0H43 96 44.6 63.0 21.3 1.9 12.4 1.9 75.3 86.5 
B73 X 884 97 54.8 56.6 23.8 3.6 15.4 0.0 83.6 107.9 
B73 X M017 98 73.5 59.0 21.1 0.0 0.3 0.0 81.3 113.7 
B73 X 0H43 . 99 70.0 66.6 23.5 0.0 10.7 1.8 78.7 111.4 
B84 X MOI 7 100 67.5 59.4 21.6 2.7 8.4 1.4 79.3 113.0 
884 X OH43 101 64.9 61.4 22.7 3.9 17.0 0.6 79.7 111.5 
MOI 7 X OH43 102 63.7 61.4 22.5 0.0 9.9 1.3 77.0 92.9 
BS10C0 X M017 103 59.4 54.6 19.7 0.0 13.7 0.0 79.6 113.0 
BS10(FR)C4 X M017 104 69.7 58.2 21.1 0.0 9.9 0.7 80.7 116.7 
BS10(FR)C8 X M017 105 65.2 54.6 18.5 2.7 6.0 1.5 80.0 112.2 
BS11C0 X 873 106 47.2 54.2 24.9 7.6 37.0 1.5 82.0 120.9 
BS11(FR)C4 X B73 107 76.3 57.4 23.7 5.1 11.3 0.0 80.7 116.2 
BS11(FR)C8 X B73 108 82.5 58.6 23.4 6.2 14.6 0.0 81.4 121.0 
BS10C0 X BS11C0 109 64.5 56.2 22.1 2.2 15.6 0.0 82.0 123.1 
BS10(FR)C8 X BS11(FR)C8 110 66.9 57.4 22.4 3.3 15.8 0.0 82.7 119.2 
EXPERIMENT MEAN 51.2 58.0 21.7 5.4 17.4 0.9 79.2 110.1 
S.E. ENTRY MEAN 7.08 2.31 1.08 5.13 5.30 0.84 0.74 4.66 
101 
ATOMIC ENERGY CENTER 1988 ROOT STALK DROP FLOWER EAR 
YIELD STAND MOIST LODGED LODGED EARS DATE HEIGHT 
PEDIGREE ENTRY (Q/HA) (X1000) (%) <%) (%) <%) (DAYS) (CM) 
BS2(S2)C0 1 29.7 61.8 18.7 1.2 21.4 0.0 74.3 113.7 
BS2(S2)C3 2 31.8 63.8 17.4 0.0 17.1 0.0 72.4 108.9 
BS2(S2)C5 3 24.9 61.8 17.4 0.0 19.9 0.0 71.7 99.5 
BSTL(S2)C0 A 22.3 62.2 20.8 0.0 14.8 0.7 76.0 106.6 
BSTL(S2)C3 5 29.9 63.8 18.6 0.6 7.6 0.0 73.1 102.1 
BSTL(S2)C5 6 31.8 63.0 17.5 0.0 8.2 0.0 73.0 101.3 
BS16(S2)C0 7 23.1 59.8 20.0 0.7 19.1 0.0 77.0 119.9 
BS16(S2)C2 a 33.4 57.8 17.1 0.0 10.0 0.7 69.1 94.3 
BS16(S2)C4 9 30.6 62.6 16.6 0.0 11.0 0.0 68.3 95.2 
BS2(S2)C0 Self 10 28.4 54.2 18.7 1.6 11.7 0.7 75.0 98.7 
BS2(S2)C3 Self 11 21.2 58.6 17.9 0.7 12.4 0.0 74.7 100.8 
BS2(S2)C5 Self 12 13.0 59.8 17.7 0.0 14.2 0.0 71.9 88.0 
BSTL(S2)C0 Self 13 10.8 59.8 19.4 0.0 11.6 0.0 76.4 94.6 
BSTL(S2)C3 Self 14 20.5 59.8 17.7 0.0 9.5 0.7 75.4 97.4 
BSTL(S2)C5 Self 15 19.6 59.0 17.5 0.0 6.7 0.0 74.3 87.2 
BS16(S2)C0 Self 16 14.0 61.8 21.4 0.0 16.8 0.0 77.7 98.6 
BS16(S2)C2 Self 17 12.1 62.6 18.3 0.7 10.1 0.0 73.6 92.6 
8S16(S2)C4 Self 18 17.4 55.0 16.5 0.0 11.0 0.7 71.3 85.4 
8S2(S2)C0 X BS2(S2)C3 19 30.7 60.6 18.0 0.7 15.9 0.7 72.9 117.3 
8S2(S2)C0 X BS2(S2)C5 20 28.2 61.0 18.9 0.0 22.3 0.0 73.1 110.6 
BS2(S2)C0 X BSTL(S2)C0 21 29.8 62.2 20.5 1.2 21.1 0.7 74.7 112.0 
BS2(S2)C0 X BSTL(S2)C3 22 26.9 64.6 19.0 0.0 15.0 0.6 71.9 110.5 
BS2(S2)C0 X BSTL(S2)C5 23 29.0 59.4 19.0 2.1 12.2 0.6 71.9 107.0 
BS2(S2)C0 X BS16(S2)C0 24 31.0 57.0 18.6 0.0 20.9 0.0 75.3 117.9 
BS2(S2)C0 X BS16(S2)C2 25 29.1 57.0 18.3 0.8 14.1 1.4 71.0 105.9 
BS2(S2)C0 X BS16(S2)C4 26 29.5 58.6 18.0 0.0 19.0 0.7 69.9 101.0 
BS2(S2)C3 X BS2(S2)C5 27 34.8 59.0 17.1 0.0 22.9 0.0 72.0 106.4 
BS2(S2)C3 X BSTL(S2)C0 28 28.1 63.4 18.4 0.0 9.7 0.0 73.3 111.1 
BS2(S2)C3 X BSTL(S2)C3 29 24.8 63.8 17.8 0.0 11.3 0.6 72.1 111.6 
BS2(S2)C3 X BSTL(S2)C5 30 32.2 64.2 18.9 0.0 12.9 0.6 73.0 103.3 
BS2(S2)C3 X BS16(S2)C0 31 26.6 56.2 18.0 0.0 18.7 0.7 74.3 111.0 
BS2(S2>C3 X BS16(S2)C2 32 38.4 57.8 15.8 0.0 8.4 0.0 71.4 107.5 
BS2(S2)C3 X BS16(S2)C4 33 29.9 64.6 19.4 0.0 13.5 0.6 69.7 104.9 
BS2(S2)C5 X BSTL(S2)C0 34 28.5 63.0 20.7 0.0 10.6 0.0 74.3 102.3 
8S2(S2)C5 X BSTL(S2)C3 35 36.8 61.8 18.4 0.0 14.0 0.0 72.4 107.5 
BS2(S2)C5 X BSTL(S2)C5 36 38.3 58.6 18.8 0.0 3.8 0.7 71.7 103.5 
BS2(S2)C5 X BS16(S2)C0 37 31.3 59.8 20.5 0.0 12.2 0,7 75.4 109.0 
BS2(S2)C5 X BS16(S2)C2 38 32.3 63.4 18.2 0.0 10.7 0.6 71.7 103.8 
BS2(S2)C5 X BS16(S2)C4 39 33.2 55.8 17.1 0.0 16.6 0.0 70.4 98.4 
BSTL(S2)C0 X BSTL(S2)C3 40 25.8 65.4 18.5 0.0 5.5 0.6 74.1 109.5 
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ATOMIC ENERGY CENTER 1988 ROOT STALK DROP FLOWER. EAR 
YIELD STAND MOIST LODGED LODGED EARS DATE HEIGHT 
PEDIGREE ENTRY (Q/HA) (X1000) (%) (%) (%) (%) (DAYS) (CM) 
BSTL(S2)C0 X BSTL(S2)C5 41 22.1 60.2 18.9 0.0 11.0 0.6 73.3 111.3 
BSTL(S2)C0 X BS16(S2)C0 42 32.3 60.2 19.7 0.0 12.5 0.0 74.0 116.3 
BSTL(S2)C0 X BS16(S2)C2 43 30.8 58.6 18.9 0.0 12.3 0.0 73.1 110.0 
BSTL{S2)C0 X BS16(S2)C4 44 36.0 59.0 16.9 0.0 11,6 0.0 71.3 105.1 
BSTL(S2)C3 X BSTL(S2)C5 45 31.1 61.8 17.8 0.0 11.3 0,0 73.3 106.1 
BSTL(S2)C3 X BS16(S2)C0 46 36.0 61.4 18.1 0.0 8.3 0.0 74.1 110.8 
BSTL(S2)C3 X BS16(S2)C2 47 39.5 63.0 19.1 0.0 11.8 0.0 71.4 104.0 
BSTL(S2)C3 X BS16(S2)C4 48 31.0 61.8 17.4 0.0 6.3 0.0 69.7 103.3 
BSTL(S2)C5 X BS16(S2)C0 49 32.0 63.4 16.8 0.0 8.8 0.0 73,7 111.4 
BSTL(S2)C5 X BS16(S2)C2 50 28.6 60.6 17.9 0.0 5.9 0.0 71.3 100.6 
BSTL(S2)C5 X BS16(S2)C4 51 33.1 60.2 17.8 0.0 12.7 0.0 68.4 98.1 
BS16(S2)C0 X BS16(S2)C2 52 52.1 61.4 18.2 0,0 17.6 0.0 71.7 106.7 
BS16(S2)C0 X BS16(S2)C4 53 30.9 60.6 17.5 0.0 13.6 0,6 72.0 111.4 
BS16(S2)C2 X BS16(S2)C4 54 30.0 59.0 17.7 0.0 13.9 0.7 70.0 96.1 
BS2(S2)C0 X BS2(S2)C3 Self 55 13.8 58.2 16.3 0.0 16.9 0.0 75.3 103.3 
BS2(S2)C0 X BS2(S2)C5 Self 56 14.5 59.4 17.6 0,0 15.7 1.4 74.7 96.5 
BSTL(S2)C0 X BSTL(S2)C3 Self 57 15.6 61.4 19.7 0.0 8.5 0.0 76.3 99.2 
BSTL(S2)C0 X BSTL(S2)C5 Self 58 18.3 60.6 19.5 0.6 5.6 0.0 75,1 97.5 
BS16(S2)C0 X BS16(S2)C2 Self 59 12.6 56.6 17.7 0,8 11.1 0.0 77.4 97.4 
BS16(S2)C0 X.BS16(S2)C4 Self 60 14.0 59.8 18.9 0.7 8.0 0.0 76,0 91.0 
BS2(S2}C0 X B73 61 34.7 63.4 17.3 0.0 12.1 0.0 73.7 116.1 
BS2(S2)C3 X B73 62 41.8 62.6 19.0 0.6 9.0 0.0 74.6 118.0 
BS2(S2)C5 X B73 63 38.8 64.2 15.6 0.0 8.6 0.6 73.9 113.3 
BSTL(S2)C0 X B73 64 46.4 63.8 20.5 0.0 8.0 0.0 74.5 123.4 
BSTL(S2)C3 X B73 65 36.6 59.8 17.8 0.0 12.7 0.0 73.9 112.2 
BSTL(S2)C5 X B73 66 44.2 60.6 20.5 0.0 7.1 0.7 74.4 109.9 
BS16(S2)C0 X B73 67 33.6 63.0 17.8 0.0 11.5 0.0 76.0 123.8 
BS16(S2)C2 X B73 68 35.2 60.2 18.2 0.0 10.9 1.3 72.7 116.0 
BS16(S2)C4 X B73 69 40.8 65.0 18.7 0.6 10.2 0.0 74.1 113.4 
8S2(S2)C0 X B84 70 35.2 63.0 18.1 0.6 9.3 0.6 74,0 125.1 
BS2(S2)C3 X B84 71 43.2 62.2 16.1 0.0 7.4 0.0 73.7 115.0 
BS2(S2)C5 X B84 72 44.3 61.0 17.4 0.0 10.3 0.0 73.7 111.8 
BSTL(S2)C0 X 884 73 37.4 65.0 18.7 0.6 9.1 1.2 76.3 117.9 
BSTL(S2)C3 X B84 74 41.4 61.8 17.9 0.0 6.9 0.7 74.0 111.3 
BSTL(S2)C5 X B84 75 36.5 59.4 18.2 0,0 6.9 0.0 74.0 111.5 
BS16(S2)C0 X B84 76 35.8 60.2 19.6 0,0 11.6 0.0 74.8 119.8 
BS16(S2)C2 X B84 77 43.7 63.0 17.7 0.0 8.5 0.0 73.4 111.3 
BS16(S2)C4 X B84 78 28.1 62.2 18.6 0.0 17.6 0.0 74.2 106.8 
BS2(S2)C0 X M017 79 29.8 63.0 17.0 0.0 5.4 0.0 72.7 106.0 
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ATOMIC ENERGY CENTER 1988 ROOT STALK DROP FLOWER, EAR 
YIELD STAND MOIST LODGED LODGED EARS DATE HEIGHT 
PEDIGREE ENTRY (Q/HA) (X1000) (%) (%) (%) (X) (DAYS) (CM) 
BS2(S2)C3 X M017 80 39.2 62.6 18.9 0.0 11.0 1.3 74.0 105.7 
BS2(S2)C5 X M017 81 40.2 61.4 17.3 0.0 6.1 0.7 72.7 103.4 
BSTL(S2)C0 X M017 82 26.3 59.0 17,4 0.0 4.9 0.0 75.3 107.2 
BSTL(S2)C3 X M017 83 44.1 65.0 18,2 0.0 4.1 0.6 74.1 108.8 
BSTL(S2)C5 X M017 84 39.7 64.2 18.3 0,0 3.6 0.6 73.3 105.1 
BS16(S2)C0 X Ho17 85 38.1 61.4 18,5 0,0 3.4 0.0 75.0 106.7 
BS16(S2)C2 X Mo17 86 41.0 63.4 17,5 0,0 2.9 0.0 73.0 100.7 
BS16(S2)C4 X M017 87 37.6 61.0 18,0 0,7 2,8 0,0 71.6 96.4 
BS2(S2)C0 X 0H43 88 34.1 59.8 18,6 0,8 5,0 0,0 68.3 98.6 
BS2(S2)C3 X 0H43 89 37.1 60.2 18,6 0,7 4,8 0,0 67.7 93.9 
BS2(S2)C5 X 0H43 90 35.5 59.0 19,3 0.0 6,6 0,0 69.5 90.4 
BSTL(S2)C0 X OH43 91 34.8 63.4 16.9 0.0 10.0 0.0 71.1 92.5 
BSTL(S2)C3 X 0H43 92 34.1 61.0 19,4 0.0 3.6 0.7 68.3 95.7 
BSTL(S2)C5 X OH43 93 42.6 60.2 19,1 0.0 10.3 0.7 67.7 89.5 
BS16(S2)C0 X OH43 94 24.3 61.0 19.9 0,0 5.7 0.0 72.2 96.8 
BS16(S2)C2 X 0H43 95 27.9 62.6 18,7 0,6 8.8 0.0 69.3 84.3 
BS16(S2)C4 X 0H43 96 31.2 57.4 18.6 0.0 6.3 0.0 67.3 85.5 
B73 X B84 97 34.1 61.0 17.3 0.0 5.9 0.0 77.0 102.2 
873 X M017 . 98 48.1 65.4 19,1 0,0 1.3 0.0 74.6 107.1 
B73 X 0H43 99 37.4 63.8 20,2 0.0 2.1 0.0 72.3 97.8 
884 X MOI7 100 5S.8 60.2 18.0 0,0 2.7 0.0 74.6 110.0 
884 X 0H43 101 43.1 61.4 20,0 0.0 2.3 0.0 73.0 101.2 
M017 X OH43 102 36.2 60.6 18.2 0.0 0.5 0.7 69.0 83.2 
BS10C0 X M017 103 . 29.9 60.2 19.2 0.0 5.5 0.0 75.0 104.8 
BS10(FR)C4 X M017 104 42.0 62.2 17,7 0.0 3.0 0.0 75.3 112.6 
BS10(FR)C8 X M017 105 36.1 60.2 16,7 0,0 8.4 0.0 74.2 106.7 
BS11C0 X 873 106 38.0 58.2 18,2 0.0 14.9 0,0 75.9 116.4 
BS11(FR)C4 X 873 107 48.9 57.4 20,5 0.0 8.3 0,0 75.7 119.3 
BS11(FR>C8 X 873 108 45.3 63.0 22,2 1.2 4,1 0.0 76.0 123.9 
BS10CO X 8S11C0 109 33.3 60.2 18,2 0.0 20,2 0,0 76.0 111.7 
BS10(FR)C8 X BS11<FR)C8 110 38.1 63.4 20,6 0.0 13,1 0,0 75.6 116.0 
EXPERIMENT MEAN 32.3 61.0 18.4 0.2 10,4 0,2 73.2 105.4 
S.E. ENTRY MEAN 4.75 2.17 0.96 0.36 3,36 0,39 0.80 3.42 
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ANKENY 1988 ROOT STALK DROP 
YIELD STAND MOIST LODGED LODGED EARS 
PEDIGREE ENTRY (Q/HA) (X1000) (%) (%) (%) (%) 
BS2(S2)C0 1 38.5 57.4 13.9 11.8 19.8 0.0 
BS2(S2)C3 2 48.3 54.6 14.6 3.6 23.3 0.0 
8S2(S2)C5 3 34.5 57.4 15.0 0.0 28.5 0.7 
BSTL(S2)C0 4 32.0 57.8 16.4 5.0 12.4 0.0 
BSTL(S2)C3 5 52.1 56.2 15.5 4.1 22.5 0.7 
BSTL(S2)C5 6 44.1 62.6 14.9 1.4 18.8 0.0 
BS16(S2)C0 7 47.6 56.6 17.1 5.0 16.3 0.0 
BS16(S2)C2 8 47.2 54.6 15.0 1.4 24.9 0.0 
BS16(S2)C4 9 40.7 55.4 14.3 0.7 22.8 0.0 
BS2(S2)C0 Self 10 19.2 57.0 13.7 15.7 16.1 0.0 
BS2(S2)C3 Self 11 24.9 51.8 15.1 2.7 20.1 0.0 
BS2(S2)C5 Self 12 20.3 54.2 15.2 3.6 13.3 0.8 
BSTL(S2)C0 Self 13 14.4 53.0 14.7 0.8 15.6 0.0 
BSTL<S2)C3 Self 14 31.9 51.0 15.3 0.7 16.5 0.0 
BSTL(S2)C5 Self 15 27.3 51.4 14.8 0.0 16.9 0.0 
BS16(S2)C0 Self 16 23.7 58.6 15.8 2.8 26.9 0.0 
BS16(S2)C2 Self 17 22.3 58.6 14.5 0.0 26.5 0.0 
aS16(S2)C4 Self 18 19.9 49.8 13.6 0.0 26.9 0.0 
BS2(S2)C0 X BS2(S2)C3 19 35.4 60.6 13.6 4.8 18.4 0.0 
BS2(S2)C0 X. BS2(S2)C5 20 52.3 58.2 14.9 4.2 18.5 0.0 
BS2(S2)C0 X BSTL(S2)C0 21 44.2 55.8 15.4 8.6 18.1 0.0 
BS2(S2)C0 X BSTL(S2)C3 22 47.0 61.8 15.7 9.3 22.2 0.0 
BS2(S2)C0 X BSTL(S2)C5 23 54.5 57.0 14.0 6.4 16.9 0.0 
BS2(S2)C0 X BS16(S2)C0 24 38.8 54.2 15.4 4.4 23.6 0.0 
BS2(S2)C0 X BS16(S2)C2 25 48.4 56.6 15.2 5.1 20.9 0.0 
BS2(S2)C0 X BS16(S2)C4 26 50.8 54.2 14.1 4.4 35.3 0.0 
BS2(S2)C3 X BS2(S2)C5 27 47.3 57.0 14.9 4.2 17.4 0.0 
BS2(S2)C3 X BSTL(S2)C0 28 51.3 59.0 14.3 4.2 17.3 0.7 
BS2(S2)C3 X BSTL(S2)C3 29 48.7 58.2 14.1 1.2 28.7 0.0 
BS2<S2)C3 X BSTL(S2)C5 30 59.7 54.6 13.9 0.6 20.7 0.0 
BS2(S2}C3 X BS16(S2)C0 31 53.9 55.4 15.1 4.6 22.2 0.0 
BS2<S2)C3 X BS16(S2)C2 32 61.1 54.6 14.5 2.2 21.9 0.0 
BS2(S2)C3 X BS16(S2)C4 33 54.2 55.0 14.3 3.9 17.9 0.0 
BS2(S2)C5 X BSTL(S2)C0 34 52.5 58.6 15.7 2.7 13.0 0.0 
BS2(S2)C5 X BSTL(S2)C3 35 64.5 59.8 15.2 1.3 16.1 0.7 
BS2(S2)C5 X BSTL(S2)C5 36 51.9 56.6 15.1 2.2 17.8 0.0 
BS2(S2)C5 X BS16(S2)C0 37 53,1 52.6 16.5 3.7 17.3 0.0 
BS2(S2)C5 X BS16(S2)C2 38 £9.1 61.8 14.8 1.4 28.6 0.0 
BS2(S2)C5 X BS16(S2)C4 39 54.2 62.2 13.9 3.5 14.6 0.6 
BSTL(S2)C0 X BSTL(S2)C3 40 42.7 55.0 15.1 3.6 17.4 0.0 
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ANKENY 1988 ROOT STALK DROP 
YIELD STAND MOIST LODGED LODGED EARS 
PEDIGREE ENTRY (Q/HA) (X1000) 1 (%) (%) (%> (%) 
BSTL(S2)C0 X BSTL(S2)C5 41 53.9 59.8 14.3 1.3 16.7 0.0 
BSTL(S2)C0 X BS16(S2)C0 42 46.1 54.2 15.9 0,7 12.5 0.7 
BSTL(S2)C0 X BS16(S2)C2 43 49.4 56.6 14.8 4.3 15.4 0.0 
BSTL(S2)C0 X BS16(S2)C4 44 46.2 59.8 13.9 2.8 19,3 0,0 
BSTL(S2)C3 X BSTL(S2)C5 45 51.6 52.6 15.0 0.7 18,2 0,0 
BSTL(S2)C3 X BS16(S2)C0 46 69.3 62.2 15.7 7.4 14.4 0,0 
BSTL(S2)C3 X BS16(S2)C2 47 62.2 58.6 14.3 3.5 18.9 0,0 
BSTL(S2)C3 X BS16(S2)C4 48 50.5 59.8 14.3 2.4 17.0 0.0 
BSTL(S2)C5 X BS16(S2)C0 49 50.9 56.6 14.2 0,0 15.8 0.0 
BSTL(S2)C5 X BS16(S2)C2 50 53.2 59.4 13.8 3,0 19.2 0.0 
BSTL(S2)C5 X BS16(S2)C4 51 53.8 55.4 14.4 0,8 16.1 0.0 
BS16(S2)C0 X BS16(S2)C2 52 55.0 55.0 15.9 4,4 21.1 0.7 
BS16(S2)C0 X BS16(S2)C4 53 45.2 53.4 14.4 7,5 14.7 0.0 
BS16<S2)C2 X BS16(S2)C4 54 52.0 55.4 14.0 2.9 20.8 0.0 
BS2(S2)C0 X BS2(S2)C3 Self 55 27.2 55.8 14.1 1.9 30.8 0.0 
BS2(S2)C0 X BS2(S2)C5 Self 56 22.2 54.2 13.6 1.5 26.5 0.0 
BSTL(S2)C0 X BSTL(S2)C3 Self 57 24.7 49.4 15,7 3.5 18.8 0.0 
BSTL(S2)C0 X BSTL(S2)C5 Self 58 24.0 56.6 16.1 0.8 15.1 0.0 
BS16(S2)C0 X BS16(S2)C2 Self 59 27.4 52.6 15.6 5.7 22.0 0.0 
8S16(S2)C0 X BS16(S2)C4 Self 60 25.7 54.6 14.8 3.7 12.4 0.0 
BS2(S2)C0 X B73 61 68.1 60.6 14.1 7,3 13.9 0.0 
BS2(S2)C3 X 873 62 56.2 57.4 14.5 2.2 18.4 0.0 
8S2(S2)C5 X B73 63 63.0 61.8 14.1 0,0 10.3 0.0 
BSTL(S2)C0 X B73 64 72.2 57.8 15.8 0.0 9.7 0.0 
BSTL(S2)C3 X 873 65 80.2 56.6 15.2 5.0 10,4 0.0 
BSTL(S2)C5 X B73 66 67.5 56.6 13.7 2.1 6,4 0.0 
BS16(S2)C0 X 873 67 68.1 59.8 15.0 1.3 8,8 0.0 
BS16(S2)C2 X 873 68 70.9 57.8 14.3 3.5 8,3 0.6 
8S16<S2)C4 X 873 69 75.9 59.8 14.6 0.0 7,2 0.0 
8S2(S2)C0 X 884 70 61.1 59.4 15.1 7.6 13.6 0.0 
8S2(S2)C3 X 884 71 71.3 60.2 14.8 2.7 11.9 0.0 
BS2(S2)C5 X 884 72 74.4 55.0 15,2 2.2 12.1 0.0 
BSTL(S2)C0 X 884 73 61.0 59.0 16.4 4,8 9.8 0.0 
BSTL(S2)C3 X 884 74 73.3 56.6 15.2 4,9 9.8 0.0 
BSTL(S2)C5 X 884 75 65.1 58.2 15.3 3,4 19,8 0.0 
BS16(S2)C0 X 884 76 63.8 57.0 17.6 5,9 11,2 0.0 
BS16(S2)C2 X B84 77 60.1 57,4 14.0 5,3 16,3 0.0 
BS16(S2)C4 X 884 78 65.0 60.6 14.5 7,8 14,4 0.0 
8S2(S2)C0 X M017 79 61.2 60.6 14.7 1.1 10.9 0.0 
8S2(S2)C3 X M017 80 53.4 50.6 14.6 3.1 13.4 0.0 
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ROOT STALK DROP 
ANKENY 1988 
YIELD STAND MOIST LODGED LODGED EARS 
PEDIGREE ENTRY CQ/HA) (X1000) (%) <%) (%) (%) 
BS2(S2)C5 X M017 81 71.0 60.2 14.3 2.4 9.2 0.0 
BSTL(S2)C0 X M017 82 58.7 58.6 15.6 4.3 2.7 0.7 
BSTL(S2)C3 X M017 83 69.5 55.8 13.8 0.0 5.4 0.0 
BSTL(S2)C5 X M017 84 65.7 59.8 14.1 0.7 7.1 0.6 
BS16(S2)C0 X Mo17 85 62.1 59.0 14.6 3.9 9.0 0.6 
BS16(S2)C2 X Mo17 86 54.8 56.6 14.3 3.1 5.7 0.0 
BS16(S2)C4 X M017 87 57.8 56.6 13.5 1.5 8.3 0.0 
BS2(S2)C0 X OH43 88 54.0 54.6 14.8 2.6 16.8 0.0 
BS2(S2)C3 X 0H43 89 58.3 60.2 14.4 1.4 22.5 0.0 
BS2(S2)C5 X 0H43 90 57.0 63.0 15.2 2.6 10.7 0.0 
BSTL(S2)C0 X OH43 91 54.0 56.2 16.0 3.5 18.8 0.0 
BSTL(S2)C3 X OH43 92 61.4 57.4 15.7 3.3 20.1 0.0 
BSTL(S2)C5 X OH43 93 59.8 58.6 14.4 . 0.6 16.4 0.0 
BS16(S2)C0 X 0H43 94 61.5 58.6 15.9 1.6 14.8 0.0 
BS16(S2)C2 X 0H43 95 70.0 54.6 16.0 0.1 13.2 0.7 
BS16(S2)C4 X 0H43 96 59.5 59.0 15.9 0.0 16.7 0.0 
B73 X B84 97 51.6 59.0 15.0 1.4 4.7 0.0 
B73 X MOI 7 98 86.7 61.8 15.0 0.0 1.8 0.0 
B73 X OH43 99 79.9 52.6 15.1 0.0 4.7 0.0 
B84 X M017 . 100 91.7 54.2 14.4 0.0 2.9 0.0 
B84 X 0H43 101 69.7 61.0 15.4 2.8 9.1 0.0 
MOI 7 X 0H43 102 68.5 59.8 13.9 3.4 2.1 0.0 
BS10C0 X MOI 7 103 51,2 53.8 13.8 0.0 12.0 0.0 
BS10{FR)C4 X M017 104 68.4 55.0 14.9 1.5 7.9 0.0 
BS10(FR)C8 X M017 105 74.3 57.0 14.0 0.0 5.6 0.0 
BS11C0 X B73 106 65.3 48.6 15.4 3.2 13.9 0.8 
BS11(FR)C4 X 873 107 66.6 54.6 14.8 0.8 7.4 0.0 
BS11(FR)C8 X 873 108 74.1 58.2 16.1 0.0 10.3 0.0 
BS10C0 X BS11C0 109 49.3 55.4 15.7 17.7 13.0 0.7 
BS10(FR)C8 X BS11(FR)C8 110 65.2 54.2 16.7 3.1 15.4 0.0 
EXPERIMENT MEAN 53.4 56.9 14.9 3.1 15.7 0.1 
S.E. ENTRY MEAN 5.38 2.72 0.54 2.38 3.85 0.26 
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MARTINSBURG 1988 ROOT STALK DROP 
YIELD STAND HOIST LODGED LODGED EARS 
PEDIGREE ENTRY (Q/HA) 1 (X1000) (%) (%) (%) (%) 
BS2(S2)C0 1 20.0 59.0 16.8 19.8 19.0 0.0 
BS2(S2)C3 2 22.2 57.8 18.2 7.9 22.7 0.0 
BS2(S2)C5 3 24.3 53.8 19.8 5.6 22,3 0.0 
BSTL(S2)C0 4 23.3 54.2 20.1 5.1 10,2 0.8 
BSTL(S2)C3 5 27.9 58.6 17.7 4.3 15,6 0.0 
BSTL(S2)C5 6 29.9 58.6 17.9 5.0 9,5 0.0 
BS16(S2)C0 7 25.3 57.8 20.3 8.2 16,8 0.7 
BS16(S2)C2 8 29.3 55.8 17.9 5.7 17.2 0.0 
BS16(S2)C4 9 21.5 56.6 15.9 2.3 20.3 0.0 
BS2(S2)C0 Self 10 11.6 49.4 16.8 8.8 22.3 0.0 
BS2{S2)C3 Self 11 12.8 49.4 16.5 4.3 16.8 0.8 
BS2(S2)C5 Self 12 10.1 54.6 19.1 1.7 22.6 0.0 
BSTL(S2)C0 Self 13 6.6 51.4 18.7 4,8 5.8 0.0 
BSTL(S2)C3 Self 14 14.2 53.8 18.9 4,7 13,4 0.0 
BSTL{S2)C5 Self 15 11.5 53.4 19.3 0,7 2,3 0.0 
BS16(S2)C0 Self 16 12.1 49.4 20.5 7,0 9.5 0.0 
BS16(S2)C2 Self 17 9.2 52.2 16.6 3.2 11.4 0.0 
BS16(S2}C4 Self 18 15.8 50.6 17.4 0.3 15.4 0.0 
BS2(S2)C0 X BS2(S2)C3 19 23.7 55.0 18.2 7,5 20.4 0.8 
3S2{S2)C0 X. BS2(S2)C5 20 28.0 55.0 18.6 14.7 19.5 0.0 
BS2(S2)C0 X BSTL(S2)C0 21 28,4 57.8 19.8 13.3 9.3 0.0 
BS2(S2)C0 X BSTL(S2)C3 22 27.2 55.8 18.1 14.9 14.3 0.0 
BS2(S2)C0 X BSTL(S2)C5 23 35.0 58.2 17.8 7.5 13.8 0.0 
BS2(S2)C0 X BS16(S2)C0 24 27.2 53.4 19.4 16.4 12.9 0.0 
BS2(S2)C0 X BS16(S2)C2 25 30.0 59.0 15.7 13.0 15.6 0.0 
BS2(S2)C0 X BS16(S2)C4 26 23.9 61.8 16.4 10.3 21.3 0.0 
BS2(S2)C3 X BS2(S2)C5 27 24.9 55.4 16,4 2.9 25.2 0.0 
BS2(S2)C3 X BSTL(S2)C0 28 22.9 51.4 18,4 5.6 10.0 0.0 
BS2(S2)C3 X BSTL(S2)C3 29 28.8 54.6 20,0 5.5 18.3 0.1 
BS2(S2)C3 X BSTL(S2)C5 30 33.2 56.6 18.4 3.1 19.7 0.0 
BS2(S2)C3 X BS16<S2)C0 31 29.8 56.2 18,3 9.6 20.0 0.0 
BS2(S2)C3 X BS16(S2)C2 32 23.8 55.4 16.8 4.1 17.3 0.0 
BS2(S2)C3 X BS16(S2)C4 33 30.6 57.8 17.7 1.5 21.5 0.0 
BS2(S2)C5 X BSTL(S2)C0 34 23.7 53.4 19,1 2.9 10.4 0.0 
BS2(S2)C5 X BSTL(S2)C3 35 30.4 51.4 19.9 3.3 23.8 0.0 
BS2(S2)C5 X BSTL(S2)C5 36 34.4 55.4 19.5 3.2 19.4 0.0 
BS2(S2)C5 X BS16(S2)C0 37 29.1 53.0 20,7 8.6 19.8 0.0 
BS2(S2)C5 X BS16(S2)C2 38 29.2 54.6 17.5 7.8 15.4 0.0 
BS2(S2)C5 X BS16(S2>C4 39 29.8 56.6 17.9 5,4 14.0 0.0 
BSTL{S2)C0 X BSTL(S2)C3 40 20.2 56.2 19,3 10,7 9.4 0.0 
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MARTINSBURG 1988 ROOT STALK DROF 
YIELD STAND MOIST LODGED LODGED EARS 
PEDIGREE ENTRY (Q/HA) (X1000) (%) (%) (%) (%: 
BSTL<S2)C0 X BSTL<S2)C5 41 29,1 60.2 19.7 7.0 8.1 1.3 
BSTL(S2)C0 X BS16(S2)C0 42 22.1 54.2 22.5 9.2 9.9 0.0 
BSTL(S2)C0 X BS16(S2)C2 43 29.1 54.2 19.5 9.4 11.8 0.0 
BSTL{S2)C0 X BS16(S2)C4 44 31.5 53.8 18.2 3.0 20.2 0.0 
BSTL(S2)C3 X BSTL(S2)C5 45 31,2 55.4 19.0 5.2 10.7 0.0 
BSTL(S2)C3 X BS16(S2)C0 46 26.2 57.4 21.0 5.0 16.9 0.7 
BSTL(S2)C3 X BS16<S2)C2 47 32,8 56.6 18.4 4,8 13.3 0.0 
BSTL(S2)C3 X BS16(S2)C4 48 33,9 56.2 18.9 5,0 13.5 0.0 
BSTL(S2)C5 X BS16(S2)C0 49 26.5 55.4 19.9 4,2 9.4 0.0 
BSTL(S2)C5 X BS16(S2)C2 50 32.9 59.0 17.8 8.6 11.5 0.0 
BSTL(S2)C5 X BS16(S2)C4 51 31.4 55.4 18.8 2.3 11.3 0.0 
BS16(S2)C0 X BS16(S2)C2 52 28.2 58.6 19.5 14.9 10.4 0.0 
BS16(S2)C0 X BS16(S2)C4 53 32.4 53.8 17.4 6.4 18.0 0.7 
BS16(S2)C2 X BS16(S2)C4 54 28.2 56.2 16.3 7.1 12.8 0.0 
BS2(S2)C0 X BS2(S2)C3 Self 55 8.3 51.4 17.7 4.0 20.6 0.0 
BS2(S2)C0 X BS2(S2)C5 Self 56 8.6 53.0 17.5 1.4 15.2 0.0 
BSTL(S2)C0 X BSTL(S2)C3 Self 57 12.8 53.4 20.6 5.4 6.6 0.0 
BSTL(S2)C0 X BSTL(S2)C5 Self 58 6.5 51.0 18.5 2.2 7.0 0.0 
BS16(S2)C0 X BS16(S2)C2 Self 59 6.6 51.8 20.2 12.5 6.2 0.0 
BS16(S2)C0 X BS16(S2)C4 Self 60 14.3 50.2 17.3 5.4 8.7 0.0 
BS2(S2)C0 X B73 61 38.2 57.4 17.1 8.2 20.3 0.0 
BS2(S2)C3 X B73 62 37.9 55.0 19.6 2.3 18.4 0.0 
BS2(S2)C5 X B73 63 43.5 55.4 20,2 4.7 16.5 0.8 
BSTL(S2)C0 X B73 64 44.6 55.8 20.8 5.1 10.7 0.0 
BSTL(S2)C3 X B73 65 45.0 55.8 19,9 6.0 15.7 0.0 
BSTL(S2)C5 X B73 66 44.3 56.2 21.5 4.4 13.2 0.7 
BS16<S2)C0 X B73 67 34.1 54.2 21.5 18.0 8.3 0.0 
BS16(S2)C2 X B73 68 48.3 49.0 19.0 5.5 9.9 0.0 
BS16(S2)C4 X B73 69 39.1 56.2 18.3 0.9 23.7 0.0 
BS2(S2}C0 X B84 70 36.9 54.6 18.3 20.4 9.6 0.7 
BS2(S2)C3 X B84 71 39.3 60.2 20.7 12.1 8.7 0.0 
BS2(S2)C5 X B84 72 43.0 55.4 20.6 10.5 10.0 0.0 
BSTL(S2)C0 X B84 73 47.5 54.2 20.3 24.0 9.5 0.0 
BSTL(S2)C3 X B84 74 47.6 55.8 20.9 14.4 12.9 0.7 
BSTL(S2)C5 X B84 75 49.4 57.0 19.6 14.4 7.4 0.0 
BS16(S2)C0 X B84 76 36.5 55.4 22.5 14.9 6.5 0.8 
BS16(S2)C2 X B84 77 44.3 58.6 19.1 17.7 2.0 0.0 
BS16(S2)C4 X B84 78 40.4 51.0 19.9 10.2 10.1 0.0 
BS2(S2)C0 X M017 79 36.0 51.0 17.9 0.0 13.0 0.7 
BS2(S2)C3 X M017 80 31.0 56.2 18.2 0.0 14.9 0.0 
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YIELD STAND MOIST LODGED LODGED EARS 
PEDIGREE ENTRY (Q/HA) (X1000) (%) (%) (%) (%) 
BS2(S2)C5 X M017 81 31.4 60.6 19.5 0.1 9.9 0.7 
BSTL(S2)C0 X M017 82 33.2 55.8 19.1 0.0 5.7 0.7 
BSTL(S2)C3 X M017 83 42.0 55.0 20.6 0.0 6.5 0.0 
BSTL(S2)C5 X M017 84 38.9 53.8 21.2 0.4 9.8 0.8 
aS16(S2)C0 X Mo17 85 31.2 55.0 18.6 4.9 10.8 0,7 
BS16(S2)C2 X Mo17 86 28.6 57.0 18.2 0.1 7.0 0.0 
BS16(S2)C4 X M017 87 38.1 54.6 17.7 0.3 10.2 0.7 
BS2(S2)C0 X 0H43 88 24.9 55.8 17.6 6.5 21.9 0.0 
BS2(S2)C3 X 0H43 89 30.0 55.8 17.8 3.5 22.3 0.7 
8S2(S2)C5 X OH43 90 30.7 54.2 19.0 10.4 15.6 0.0 
BSTL(S2)C0 X OH43 91 32.4 49.4 19.3 3.3 10.7 0.0 
BSTL<S2)C3 X OH43 92 30.9 51.0 20.3 6.5 12.0 0.0 
BSTL(S2)C5 X OH43 93 31.2 55.8 20.0 4.0 5.7 0.0 
BS16(S2)C0 X OH43 94 23.7 55.0 20.2 4.0 17.4 0.8 
BS16(S2)C2 X OH43 95 32.9 57.0 17.6 8.5 17.6 0.0 
BS16(S2)C4 X OH43 96 29.2 56.2 18.9 0.9 17.6 0.7 
B73 X B8A 97 44.7 56.2 22.3 1.3 0.7 0.7 
873 X M017 98 45.5 54.6 20.1 2.2 1.4 1.5 
B73 X 0H43 99 42.8 57.0 20.6 4.7 17.5 0.0 
B84 X M017 100 50.5 52.2 21.2 3.9 3.0 0.0 
884 X OH43 101 43.8 56.2 23.4 27.8 4.3 0.0 
MOI7 X 0H43 102 30.9 56.2 17.4 0.0 6.3 0.0 
BS10CO X M017 103 35.2 55.8 20.3 0.0 10.1 0.0 
BS10(FR)C4 X M017 104 29.3 59.8 19.5 0.7 14.7 0.0 
BS10(FR)C8 X M017 105 51.3 58.2 18.6 0.0 8.9 0.0 
BS11C0 X 873 106 37.2 50.6 22.0 5.2 13.0 0.0 
BS11(FR)C4 X 873 107 44.1 55.0 22.2 7.8 14.5 0.0 
BS11{FR)C8 X 873 108 47.8 50.2 22.2 5.7 15.6 0.0 
BSIOCO X BS11C0 109 26.6 56.6 19.8 8.1 16.9 0.0 
BS10(FR)C8 X BS11(FR)C8 110 41.4 57.0 21.2 0.9 11.1 0.0 
EXPERIMENT MEAN 30.2 55.1 19.1 6.5 13.3 0.2 
S.E. ENTRY MEAN 3.24 2.11 0.89 2.52 3.22 0.35 
